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Machine tool beds and 
tables, hardened steel ways, 
large stamping dies, com- 
pressor cylinder blocks, and 
similar large castings are 
now being surface - ground 
to very close tolerances. Un- 
usual examples of this class 
of work will be dealt with 
in October MACHINERY. 
Materials and equipment to 
be exhibited at the National 
Metal Show in October will 
also be a feature of this 


number. A comprehensive | 


tabulation of recently de- 
veloped materials will be 
included. 
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Acres upon acres are efficiently, 
speedily developed with this marvel 
of the fields . . . the modern Tractor. 
Crops improve, output increases, work 
progresses without delay . . . without 
waiting for “conditions” . . . without 
unnecessary overhead. Thus’ the 
Tractor contributes to Progress! 


Back in 1896, when man and beast 
were the only reliable sources for 
work and power, Lodge & Shipley 
pioneered in the industrial fields. 
L&S, since then, have also made im- 
portant contributions to Progress — 
new and more practical methods for 
lathe practice .. . new production 
records ... new standards for accuracy 
and quality of craftsmanship . . . wide 
versatility . . . new speeds, unheard of 
in the old days. Today, L & S, like 
Caterpillar, present marvelously ef- 
ficient machines which demand the 
admiration of all. 


THE LODGE & SHIPLEY 


MACHINE TOOL COMPANY 
CINCINNATI, OHIO, U. S. A. 


LODGE 


AND SHIPL 
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Progress 


the A Vt of 


Metal Cutting 


HE familiar adage “A chain is no stronger 

than its weakest link’ might, for the ma- 

chine shop industries, well be paraphrased 
“A machine tool is no more efficient than its cut- 
ting tool.” Furthermore, the efficiency of the 
cutting tool depends primarily upon the material 
from which it is made. 

Recent years have seen great progress in the 
development of cutting tool materials. The older 
and better known materials have been improved 
and newer materials have made a place for them- 
selves in industry. It is therefore necessary from 
time to time to take stock of this progress, to re- 
view the present status of the materials used for 


cutting tools, and to record the advance in the de- 
sign of the tools themselves. 

The development of metal cutting materials has 
been due largely to the demand for tools that would 
remove metal faster and that would efficiently cut 
the new materials used in machine building and 
engineering construction for which the older cut- 
ting tool materials were not suitable. The intro- 
duction of alloy steels and high-strength castings 
has placed new demands on cutting tool perform- 
ance. The constantly increasing use of non-ferrous 
metals and of synthetic plastic materials has also 
called for the solution of new problems, most of 
which are now successfully solved. 
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PROGRESS IN THE ART » 


The development of new cutting tool materials 
has obviously been paralleled by a similar develop- 
ment in machine tools, because just as a machine 
tool cannot be efficiently operated except by using 
the best type of cutting tool, so improved cutting 
tools are of little value unless the machines in 
which they are used are sufficiently powerful and 
rigid. The machine tool builder and the tool man- 
ufacturer, therefore, have contributed equally to 
the present high state of efficiency in the art of 
cutting metals. Each has forged stronger links 
for the chain by which production efficiency is 
pulled to greater heights. 

It is of interest to note how the newer cutting 
materials have to a large extent supplemented the 
older materials, rather than entirely replaced them. 
When high-speed steel first appeared on the me- 
chanical horizon some thirty odd years ago, there 
were many who thought that this new steel would 
entirely supplant the old well-known carbon tool 
steel for practically all purposes. Today, however, 
although high-speed steel has become the general 
cutting tool material for most applications, carbon 
steel holds its own in many fields. Millions of 
drills, taps, dies, and many other small cutting 
tools are made from carbon tool steel every year. 
For power press dies, it is widely used. 

When we come to the well-known standard 
18-4-1 grade of high-speed steel, we again find 
that there has been considerable speculation as to 
whether the newer high-speed steels, and especially 
the cemented or sintered carbides, would ultimately 
take its place. Present indications are that the 
standard grade of high-speed steel will hold its own 
for a great number of operations, and while it is 
gradually being replaced for many purposes by the 
newer cutting alloys and more recently developed 
high-speed steels, it continues to fill a most impor- 
tant place in industry. It is still the material of 
the widest application for such tools as drills, ream- 
ers, hobs, and milling cutters. 

Next we have the group of high-speed steels 
known as the cobalt steels which have been found 
especially applicable to the machining of alloy 
steels, more particularly high-manganese steel—a 
material that formerly could not be machined with 
any steel cutting tools but had to be ground with 
abrasive wheels. More recently molybdenum high- 
speed steels have been proving highly successful. 

Just about the time that high-speed steel had 
been thoroughly established in industry, the group 
of cutting alloys known as Stellite was introduced. 
Stellite tools have made a definite place for them- 
selves and are used to best advantage for machin- 
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ing cast iron, malleable iron, and semi-steel. They 
are also suitable for machining many of the non- 
ferrous materials. The new J-metal, which be- 
longs in the Stellite group, has greatly increased 
the scope of usefulness of Stellite applications, so 
that this cutting material is now also in many in- 
stances being applied to the cutting of steel. 

The last group of cutting tool materials to be 
developed includes tungsten and tantalum carbides. 
It is just eight years ago that tungsten carbide was 
first introduced into the United States as a com- 
mercial cutting tool material; and yet, in this com- 
paratively brief period, this new cutting alloy, 
along with the more recently developed tantalum 
carbides, has exerted a wide influence on machin- 
ing methods. In the electrical and automotive in- 
dustries especially, these new cutting tools have 
completely changed machining practice. The ce- 
mented carbides have proved of especial advantage 
on non-metallic and non-ferrous materials and on 
cast iron; but recent developments have produced 
steel-cutting carbide tools that are successfully ap- 
plied in regular production. 

In dealing with cutting tool materials, grinding 
wheels must, of course, be included. The develop- 
ments in abrasives and grinding wheels have been 
remarkably rapid. 

It is the object of this number of MACHINERY 
to examine more thoroughly into the status of the 
present cutting tool materials and inform the shop 
executive on present trends and developments. The 
publicity that has been given in the technical press 
to the properties and performance of the new cut- 
ting materials, as well as to the improvements 
made in the older groups of metal-cutting tools, 
has greatly assisted industry in evaluating these 
tool materials and in establishing their place in 
present-day practice. 

It is obvious to anyone familiar with the ap- 
plication of cutting tools that no hard and fast 
rules can be laid down for the use of one material, 
as compared with another. There is no distinct 
line of demarkation between the fields of useful- 
ness of the different cutting steels and alloys. Not 
one, but half a dozen different factors affect the 
selection of a steel or cutting alloy. A simple tabu- 
lation, therefore, of the uses of these cutting tool 
materials is practically impossible; and when such 
tabulations are made, it is understood that they 
are largely for guidance and that the application 
of the different materials overlaps to a great extent. 
The articles that follow will, however, indicate the 
general application of cutting steels and alloys, and 
furnish a guide to their efficient use. 
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How to Select the Most Suitable 


The Method Visualized in the 
Carpenter Steel Co.’s Matched 
Set Chart Facilitates the 
: Selection of Tool Steels for Any 
2 Ordinary Requirements — Some 
i Results Obtained by the Use of 
: the Chart are Recorded Here 


HAT tool steel shall I use for this pur- 

pose?” This question is asked over and 

over again in every plant in the country. 

There are so many grades of tool steels to select 

from that it is not always easy to determine offhand 

which grade would best serve a given purpose. 

However, there are a few basic rules that may be 
applied to make the choice easier. 

Generally speaking, there are three groups of 

tool steels: (1) Water-hardening steels; (2) oil- 


Tools for which Different Classes of Tool Steel are Suitable 


Carpenter Steel Co. 


RED-HARD STEELS 


High-speed cutting tools in 
general, lathe tools, planer 
tools, drills, taps, reamers, 
milling cutters, form cut- 
ters, thread chasers, end- 
mills, gear-cutters, broaches, 
wood knives, grading roll 
inserts, hot shear blades, 
hot punches 


Hot compression tools not 
subjected to hammer blows, 
bolt and rivet dies, hot 
piercing punches, hot ex- 
trusion dies, bulldozer tools, 
bull riveter dies, forging 
mandrels, semi-hot work 
dies 


Heavy-duty compression 

tools, bolt dies, hot forg- 

ing tools having deep re- 

cesses or sharp corners, 

bulldozer dies, heavy-duty 
hot shear blades 


OIL-HARDENING STEELS WATER-HARDENING STEELS 
i ~ Broaches, burnishing tools, Drawing dies, cold extru- 
i a special taps, thread and sion dies and_ punches, 
ring gages, spinning tools, shaving dies, mandrels, 
i 62 punches, master tools, man- forming tools, burnishing 
a © drels, beading rolls, form- tools, forming rolls, cutting 
3 ing rolls, edging rolls, form- tools for brass and non- 
ou ing dies, blanking dies, ferrous. metals, sectional 
4s «3 thread roller dies, drawing blanking dies, finishing 
na dies, extrusion dies reamers, spinning tools 
rs Broaches, blanking dies, Carbon-steel drills, ream- 
s cutter-blades, thread and ers, cutters, hobs, taps, 
x - ring gages, forming dies, and dies; blanking dies, 
Ss $s master tools, lamination punches, striking dies, form- 
He e dies, molding dies, thread ing dies, bending dies, man- 
roller dies, master taps, drels, arbors, button dies, 
<5 sub-press_ dies, spindles, jig bushings, jigs and fix- 
ul trimming dies, cam dies tures, dowel-pins, stamps, 
3 lathe centers, knurls, locat- 
ing studs, adapters, jig feet, 
. coining dies, plug and ring 
gages, snap gages 
iS Stamps, coining dies and Knock-out pins, heavy-duty 
punches, blanking dies, perforating punches, clutch 
4 & trimming dies, embossing pins, stops, indexing pins 
a i z dies, thread roller dies, and fingers, screw extrac- 
- sg forming rolls, heavy-duty tors, coining dies, circular 
‘. i pe punches, forming and bend- shear blades, spring collets, 
‘i or ing tools, slitter shears, feed-fingers, shear blades, 
shear blades, gears, pawls, pneumatic chisels, rivet 
- ratchets, clutch parts, hard busters, nail sets, flaring 
and shock-resisting machine tools, pipe-cutter wheels, 
x tool parts screwdrivers, drift - pins, 
rivet sets, sledges 
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Steel for the Purpose Required 


hardening steels; and (3) red-hard or high-speed 
steels. The following general rules will indicate 
when each of these groups of steel is applicable: 

Water-Hardening Steels—If the tool to be made 
is of such size and shape that there is no great risk 
of hardening cracks; if a slight change in size or 
a small amount of warpage is of no importance; or 
if the tool can be ground all over so that such change 
or warpage is of no account, then a water-harden- 
ing steel should be used. 


Fig. 1. Chart that Facilitates the 
Tool Steel for the 


Oil-Hardening Steels—When the tool to be made 
is of such a shape that it may crack if it is quenched 
in water, or when the tool must hold its size and 
shape accurately without appreciable change after 
hardening, an oil-hardening steel should be used. 

Red-Hard or High-Speed Steels—These steels 
should be used for tools that become heated above 
300 degrees F. in service. If the tools are not 
heated above this temperature by the metal-cutting 
process for which they are used, water-hardening 


Selection of the Right Grade of 
Purpose Required 


Tools requiring 
maximum wear re- 
sistance with fair 
toughness plus 
greater hardening 
accuracy and safety 


GREATER 
WEAR RESISTANCE 


Tools requiring 

wear resist- 
ance and good 
toughness plus 
greater hardening 
accuracyand safety 


GREATER 
TOUGHNESS 


Tools requiring 
maximum tough- 
ness and fair wear 
resistance plus 
greater hardening 
accuracyand safety 


- GREATER HARDENING 
ACCURACY AND SAFETY 


THE OIL-HARDENING THE WATER-HARDENING THE RED-HARD 
MATCHED SET MATCHED SET MATCHED SET 


Tools requiring 
maximum wear re- 
sistance with fair 
toughness 


Tools requiring 
good wear resist- 
ance and good 
toughness 


Tools requiring 
maximum tough- 
ness and fair wear 
resistance 


Tools requiring 
maximum wear re- 
sistance with fair 
toughness when 
used at elevated 
temperatures 


GREATER 
WEAR RESISTANCE 


Tools requiring 
good wear resist- 
ance and good 
toughness when 
used at elevated 
temperatures 


GREATER 
TOUGHNESS 


a. 


Tools requiring 
maximum tough- 
ness and fair wear 
resistance when 
used at elevated 
temperatures 


GREATER 


RED -HARDNESS 
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HOW TO SELECT THE MOST 


SUITABLE > > > 
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Fig. 2. Progressive Blanking and 
Stamping Die for which the Most 
Suitable Steel is to be Selected 


or oil-hardening steels serve the purpose as well 
as or better than red-hard steels. 


A Guide in the Selection of Steels 
for Various Purposes 


In each of these three groups, there are several 
grades of steel. The Carpenter Steel Co., which 
makes three grades in each group, providing there- 
by a range that will cover any ordinary require- 
ments in machine shop practice, has furnished the 
accompanying table in which are listed the pur- 
poses for which each of these groups and grades 
—nine steels in all, each known by a distinctive 
trade name—is suitable. Obviously, there is an 
overlapping in the applications, so that the same 
type of tool may be made from two—or even three 
—different grades of steel, according to the condi- 
tions under which the tool is to be used; but in 
general, the table furnishes a guide that will help 
in the selection of the best steel for a given pur- 
pose. In addition to these grades, special types of 
tool steel are made to meet unusual conditions. In 
such cases, the steel manufacturer should be con- 
sulted. 

Referring to the table, it will be seen that in each 
group of steel, there is a grade that will provide 
maximum hardness or wear resistance; a second 
that is intended for medium requirements of wear 
and toughness; and a third that will provide the 
maximum degree of toughness. In the red-hard 
group, for example, the first grade is used for tools 
that must hold a keen edge when cutting metals— 
lathe and planer tools, milling cutters, etc. The 


second is used when the tool requires reasonable 
hardness combined with reasonable toughness, as, 
for example, an all-around steel for hot squeezing 
operations, bolt and rivet dies, hot piercing punches, 
etc. The third grade is used where the tool must 
strike a hammer blow, has sharp corners, is sub- 
ject to great splitting strains, or, in general, where 
toughness is more important than hardness. 


A Chart that Visualizes the Properties 
of Different Grades of Steel 


A diagrammatical presentation of a chart in 
three colors, one for each group of steel, prepared 
by the Carpenter Steel Co. for use in tool-rooms 
and tool designing departments, is shown in Fig. 1. 
The three grades of water-hardening steels are ar- 
ranged in the vertical center row, the three grades 
of oil-hardening steels in the left-hand row, and the 
three grades of red-hard steels in the right-hand 
row. Just as the compass aids the captain of a ship 
to steer a safe course into the right port, so this 
chart—known as the Carpenter Matched Set Dia- 
gram—aids the tool designer and toolmaker in 
avoiding unnecessary hazards and guides them in 
the selection of the right kind and grade of tool 
steel for a certain purpose. 

In the diagram, each of the nine diamonds repre- 
sents one grade, and its location is an indication of 
the characteristics of the steel represented. The 
table is arranged in the same general manner as 
the chart, so as to facilitate comparison. In the 
colored chart mentioned, the trade name or designa- 
tion for each type of steel is also printed in each 
diamond. 

The tool steel represented by the diamond in the 
center of the chart is a general all-around steel, 
suitable for a large number of metal-cutting opera- 
tions. Suppose the tools made of this steel show a 
tendency to break in service; then greater tough- 
ness is required. The grade of steel for that pur- 
pose is found by moving downward on the diagram 
toward greater toughness. 

On the other hand, assume that the steel repre- 
sented by the central diamond does not wear long 
enough; then move upward and select the steel in 
the center top row that has greater wear resistance. 

Again, if an oil-hardening steel is required, move 
to the left, and select one of the oil-hardening steels. 
The one in the center is suitable for all-around pur- 
poses, the one in the top row for cases where 
greater wear resistance is required, and the one in 
the bottom row for applications where greater 
toughness is demanded. 

Finally, if it is greater red-hardness that is re- 
quired—if the tool in service will become heated to 
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STEEL 


FOR THE PURPOSE REQUIRED 


a high temperature—then move to the right-hand 
row of diamonds, selecting one of the three accord- 
ing to whether great toughness, great wear re- 
sistance, or general all-around cutting qualities are 
needed. 


Examples from Practice Showing 
Application of the Chart 


Numerous examples might be quoted to indicate 
how this method of selecting tool steels is applied 
in practice. Assume that a progressive blanking 
and stamping die, as shown in Fig. 2, is to be made. 
There is a lettered stamp in the punch-holder. The 
die, in the first stage, perforates the curved slots 
and stamps the letters, and in the second stage, 
blanks the galvanized iron part. How do we select 
the right kind of steel for this die? 

First, we decide that we cannot use a water-hard- 
ening steel for the die and punch; there would be 
too much danger of cracking and warpage in hard- 
ening. The lettered stamp can and should, how- 
ever, be made from the intermediate type of water- 
hardening steel. The intermediate oil-hardening 
steel could be used, but it would not last so long as 
the water-hardening steel, and is not needed; hence 
there would be no object in using it. 

The die proper must be made from an oil-hard- 
ening steel, either the intermediate or the wear- 
resisting grade being selected, depending upon the 
production required. The tough grade would not 
be selected, because exceptional toughness is not 
needed on this light-gage material. 

In the punch, however, we meet a different prob- 
lem. Here breaking or chipping might be encoun- 
tered in service, and the toughest grade of oil-hard- 
ening steel should be selected. On very light 
material, either the intermediate or the wear-re- 
sisting grade would be satisfactory. The large 
rectangular blanking punch should be made of the 
same steel as is used in the die. 

Again, square punches for punching switch slide 
plates, Fig. 3, may be required. The plates are 
1 1/4 inches thick, of 0.45 carbon steel, partly ma- 
chined down to a thickness of 13/16 inch. The 
holes are 3/4 inch square. Three sides of the punch 
cut metal 1 1/4 inches thick, while the fourth side 
cuts the 13/16-inch metal. 

Here a water-hardening steel of the greatest 
toughness is required. The other grades would 
break in service, because the side thrust is very 
great. There is no need for an oil-hardening steel, 
since there is nothing about the shape of the punch 
that requires exceptional accuracy. 

In one case, a plug gage about 7/16 inch in diam- 
eter was to be made for gaging the holes in steel 


pump gears. (See A, Fig. 4.) The gage was hard- 
ened, ground, and lapped. The allowable wear was 
0.0003 inch, after which the gage was discarded. 
Originally, these gages were made from the inter- 
mediate grade of oil-hardening steel, hardened and 
drawn to C-62 Rockwel! hardness. The average 
number of holes gaged before the plug gage wore 
under size was 965. 

Then somebody suggested that the gages be 
chromium-plated. This increased their life to 1280 
holes. Since this did not seem satisfactory, the oil- 
hardening steel having the greatest wear resistance 
was selected. After being hardened and drawn, the 
gages still had a hardness of only C-62 or C-63 
Rockwell, but the number of holes that were gaged 
before the plug gage wore under size rose to an 
average of 2390. This indicates that frequently 
actual “use tests” constitute the only safe guide to 
the best steel to be used for a specific purpose. 


Increasing Production from 6000 to 
14,000 Holes per Punch 


The tool department of a certain plant was con- 
fronted by the problem of providing tools for 
punching two holes 7/32 inch in diameter in metal 
7/32 inch thick. The piece to be punched (B, 
Fig. 4) was made of cold-drawn carbon steel of 
187 Brinell hardness. When the punches were 
made from the grade of water-hardening steel 
having the greatest toughness, in order to prevent 
breakage, the production averaged 6000 holes per 
punch. The punches finally failed by galling. Ob- 
viously, greater wear resistance was required. 


Fig. 3. A Square Punch Subjected 
to Side Thrust and which Therefore 
Requires Steel of Great Toughness 
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In using the chart for selecting the proper steel, 
it did not seem logical to move away from the steel 
having the greatest toughness, since breakage was 
conceded to be one of the difficulties to be encoun- 
tered, but nevertheless it might be worth trying. 
“The punches can’t do any more than break,” said 
the tool-room foreman. On a chance, the wear- 
resisting water-hardening steel was selected, and a 
few punches made from it. They did not break and 
they wore longer; the punch was good for 14,000 
pieces. 

Then the engineering department decided that 
the piece being punched ought to be a little heavier, 
and it was made thicker. This caused punch break- 
age. To secure additional toughness, the tool de- 
signer simply moved downward on his diagram to 
the steel having intermediate properties, and the 
job proceeded satisfactorily. 

In another instance, a shaving or staking punch 
that cut only on one side was required to stake a 
lug on a mild steel rod in one blow, as shown at C, 
Fig. 4. Of course, when a punch is used that cuts 
only on one side, punch breakage may be expected. 
A punch made from the intermediate grade of 
water-hardening tool steel lasted only a few hours. 
By selecting the toughest grade of water-hardening 
steel, however, a punch was made that lasted for 
a week. 

When water-hardening steel was used for mak- 
ing 3-inch diameter rolls on which a very thin edge 
was required for rolling a bead on a stainless steel 
strip 0.008 inch thick, the thin part cracked in 
hardening. An oil-hardening steel of the inter- 
mediate grade was then selected for greater hard- 
ening safety. In service, however, the strain was 


too great for the thin sections of the steel, and the 
edges chipped. Greater toughness was required, 


and by selecting the oil-hardening steel of the 
greatest toughness, literally miles of molding were 
rolled without injuring the bead on the roll. 


Increasing Life of Punch Fifteen Times in 
Punching Holes 0.040 Inch in Diameter 


A most spectacular increase in production by sub- 
stituting one steel for another is reported as fol- 
lows: Cold-rolled strip stock 0.050 inch thick was 
being cold-swaged down to a thickness of 0.038 
inch, after which a hole 0.040 inch in diameter was 
punched through it. The cold-swaging hardened 
the metal and added to the difficulty of punching. 
By the use of the matched set diagram, the tool- 
maker concluded that a water-hardening steel of 
the greatest toughness was what he required, and 
by using this steel, he increased the average pro- 
duction from 300 holes per punch to 3500 holes. By 
experience in handling the steel, this performance 
has been improved to an average of 4600 holes per 
punch. 

Examples similar to those quoted could be mul- 
tiplied indefinitely. One more case should be men- 
tioned—that of a combination punch and drawing 
die for cold-rolled strip steel, where production 
averaged only 600 pieces per die. The chart sug- 
gested to the tool department that what was needed 
was greater wear resistance. A water-hardening 
steel of the greatest wear resistance increased pro- 
duction to 12,000 pieces per die. 

In selecting high-speed steels, the same consider- 
ations govern. First analyze the purpose for which 
a high-speed steel is required. Then select the dif- 
ferent grades according to whether all-around ser- 
vice, greater toughness, or greater wear resistance 
is needed. 


Fig. 4. (A) Plug Gage 
for Gaging Holes in 
Steel Pump Gears. 
(B) Cold-drawn Steel 
Part in which Holes 
are Punched. (C) End 
of Steel Rod on which 
a Lug is Staked 
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Rounded Teeth Increase 
Life of Roughing Hobs 


OBS with rounded teeth were placed on the 

market by the Brown & Sharpe Mfg. Co., 
Providence, R. I., for roughing gear teeth, after 
many applications had shown that hobs of such de- 
sign have approximately 25 per cent longer life 
than those made with teeth of the conventional 
form. The teeth of the improved hobs are rounded 
at the ends to a radius that is tangent to the angu- 
lar sides of the teeth, as is clearly indicated in 
the illustration. 

Cutters of this type leave slightly more stock in 
the tooth corners to be removed by the finishing 
cutter, but experience with thousands of such hobs 
indicates that the finishing process is not slowed 
up and that the finishing hob does not show undue 
wear, except in the case of coarse-pitch teeth. 
Hence, rounded-teeth hobs are primarily designed 


of “Maxi” 
laps, Drills, 


HEAT-TREATMENT developed and _ used 

by the Greenfield Tap & Die Corporation, 
Greenfield, Mass., known as the “Maxi” heat-treat- 
ment, which gives a hard surface on the tools, 
highly resistant to wear, has been found to produce 
taps, drills, and reamers with long service records. 
In one instance, a 1/4-inch high-speed taper pipe 
tap with a commercially ground thread, after be- 
ing subjected to this heat-treatment, produced 
70,000 tapped holes without any signs of wear. 
This tap was used in an automatic screw machine 
on ordinary cold-rolled steel. After having tapped 
70,000 holes, it was broken accidentally — not 
through any fault of the tap. 

In another instance, taps made with the new 
heat-treatment, used on cast iron, produced five 
times the number of holes that had been previously 
produced by high-speed pipe taps of the same make. 
In tapping the plastic material ‘“Perilyn,” these 
taps showed an increase in production of approxi- 
mately four times that formerly obtained. 

Taps, drills and reamers, especially those to be 
used on aluminum, brass, synthetic plastics, cast 
iron, malleable iron, die-castings, fiber, hard rub- 
ber, and low-carbon steel, when subjected to the 


for use in the cutting of gear teeth of either fine 
or medium pitch. 

Double-thread roughing hobs permit the use of 
faster feeds than single-thread cutters, and also 
have longer life. These advantages are further 
extended by the use of rounded teeth. 


Heat-lreatment on 
and Reamers 


“Maxi” heat-treatment have, in some cases, given 
as much as three times greater service than simi- 
lar tools not so treated. Drills used in stainless 
steel have also indicated that the treatment adds to 
their wearing qualities. 

In one instance, a 3/4-inch expansion chucking 
reamer heat-treated by the “Maxi” method reamed 
65,400 holes with ten grinds, removing from 0.005 
to 0.050 inch in tough rolled sheet steel. In an- 
other case, 1/2-inch drills operating at 716 revolu- 
tions per minute, with a feed of 0.009 inch and 
drilling through 3 inches of cast iron, produced 
192 holes before grinding, showing practically no 
wear, except for a slight rubbing at the extreme 
point of the drill. This is a difficult job, not only 
because of the depth of the hole, compared with 
the diameter, but because the drill breaks through 
the side of the hole for the entire length of the 
cut. Ordinary high-grade drills, polished in the 
flutes, produced only 80 holes before they had to be 
ground. Also, the speed had to be reduced to 625 
revolutions per minute and the feed to 0.007 inch. 

These examples indicate the influence of differ- 
ent heat-treatments on the cutting qualities of tools, 
and suggest the value of modern developments. 
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How to Get the Best Results 


Rough- and Finish- milling 
a Clutch Housing with 
J-Metal Inserted- blade Mill- 
ing Cutters. Surface Speed, 
134 Feet per Minute; Feed, 
10 Inches per Minute; Depth 
of Cut, from 1/16 to1/8 Inch 


Directions for the Grinding 

and Application of Stellite 

J-Metal to Insure the Best 
[ficiency in Operation 


J-Metal can be economically used for ma- 

chining practically all types of machine- 
able materials except chilled iron and manganese 
steel. Among the operations regularly performed 
with J-Metal are turning, facing, boring, reaming, 
milling, grooving, forming, spot-facing, core-drill- 
ing, and counterboring. 

J-Metal tools can be ground either by hand or by 
machine. The method used depends on the size or 
type of the tool to be ground and the class of work 
on which it is to be used. Form tools and special 
shapes should be ground by machine. Simple 
shapes may be ground by hand, but a templet 
should be used to maintain the correct cutting and 
clearance angles. 

In general, it is advisable to grind J-Metal tools 


On tools made from Haynes Stellite 


with minimum cutting and clearance angles—7 de- 
grees front clearance, 6 degrees top side slope, and 
5 degrees side clearance—to give the maximum 
support to the cutting edges. However, the strength 
of Stellite has been improved considerably during 
the last few years, so that in many instances, 
J-Metal tools are being ground with the clearance 
angles ordinarily used on high-speed steel. As a 
rule, the cutting and clearance angles for J-Metal 
are determined by the requirements of the job— 
the type of material being machined, the cutting 
speed, the tool life between grinds, and the power 
consumption. 

When ground by hand, the tool should be sup- 
ported by an adjustable type grinder rest, in order 
to obtain a smooth cutting edge and proper cutting 
and clearance angles. The tools can be ground on 
either the side or the face of the wheel. When they 
are being ground on the face, the grinder rest 
should be adjusted to compensate for wheel wear, 
so that the proper clearance angles are maintained. 

The tool must be held firmly on the rest as it is 
passed back and forth across the wheel, but care 
should be taken to avoid heavy pressure against 
the wheel, as this has a tendency to heat and check 


Using J-Metal for Rough- 
turning a  Motor-reducer 
High-speed Pinion Shaft 
Made from SAE 1045 Steel. 
Surface Speed, 95 Feet per 
Minute; Feed, 0.017 Inch per 
Revolution; Depth of Cut, 
3/16 Inch 
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Rough- facing and Rough- 
turning SAE 4615 Drop- 
forged Steel Ring Gear with 
J-Metal. Surface Speed, 100 
Feet per Minute; Feed, 0.021 
Inch per Revolution; Depth 
of Cut, from 1/16 to 1/8 Inch 


the surface being ground. When hot, the tools 
should not be cooled suddenly in water, as rapid 
chilling is apt to cause surface checks. J-Metal 
can be ground wet or dry. When a coolant is used, 
a generous flow should be maintained to keep the 
tool thoroughly cool. It is important that the 
wheels be kept well balanced and properly dressed. 

When tools are ground by machine, the pressure 
of the wheel on the work is positive; therefore, 
light cuts must be taken to avoid checking the work. 
The area of the tool in contact with the wheel will 
determine the feed that can be used without check- 
ing. Heavier feeds can be used on narrow sur- 
faces, while wide cuts require light feeds and a 
softer wheel. The face of the wheels should be 
properly and frequently dressed, since a glazed 
wheel will check the work. A coolant may be used 
for machine grinding. 

When the most modern machine tool equipment 
is not available, it is desirable to look out for any- 
thing that may cause vibration and chatter. The 
spindles should be inspected regularly to see that 
there is no play, and jigs and fixtures should be 
designed with rigidity, so as to prevent the work 
from springing; the machine tools must have suffi- 


Turning a Cast-iron Steam 
Roller with a Welded-tip ( 
J-Metal Tool, Reducing the } 
Machining Time More than 
One-half, as Compared with 
Previous Results. Note the oni 
Sturdy Support Provided 
for the Tool 
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cient reserve power; the belts should be tight, the 
clutches properly adjusted, and backlash in the 
gears reduced to a minimum. 

Tool-holders should be designed so that they sup- 
port the tool rigidly and hold it securely in place 
with as little overhang as possible. The tool ought 
not to project from the tool-holder farther than its 
smallest cross-sectional dimension. The feed should 
be thrown out before stopping the machine, as stop- 
ping in the cut with the feed engaged is likely to 
cause breakage, and, in addition, sets up unneces- 
sary strains in the machine and the work. 

It is difficult, if not impossible, to give definite 
rules covering speeds and feeds for all materials 
and operations. The variables include the hardness 
of the material being machined, the finish desired, 
the condition of the machine, the condition of the 
fixture, and the production requirements. How- 
ever, the figures in the table will make it possible 
to estimate for general purposes what may be ex- 
pected of J-Metal in turning, facing, and boring 
operations. The figures apply to dry machining. 
Cutting speeds may be increased 30 per cent if a 
coolant is used. 

In general, there are two classes of milling— 


with Haynes Stellite J-Meta 
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CRANKSHAFT TOOLS DESIGNED FOR 


OUICK > > 


Average Cutting Speeds and Feeds for Turning, Facing, and Boring with Haynes Stellite J-Metal 


Material Hard Cast Iron Medium Cast Iron Malleable Iron Steel Castings SAE No. 3115 Cold-Rolled Stock 
Cutting Cutting | Cutting Cutting | Cutting Cutting 
+ of Cut | Speed, Feed per Speed, Feed per Speed, Feed per Speed, Feed per Speed, Feed per Speed, §_ Feed per 
ype ut Feet Rev., In. Feet per —Rev., In. Feet per Rev., In. Feet per Rev., In. Feet per Rev., In. Feet per Rev., In. 
| Minute | Minute Minute 


Rough-Turning | 60-90 | 0.020-0.062 | 100-150 | 0.020-0.125 | 125-175 | 0.020-0.035 60-125 0.015-0.030 | 125-175 0.020-0.030 | 200-300 | 0.020-0.035 


Finish-Turning | 150-175| 0.020-0.035 | 150-175 | 0.020-0.050 150-200 | 0.020-0.035 125-200 0.010-0.020 150-200 0.010-0.020 300-400 0.010-0.020 
Rough-Facing 60-90 |0.020-0.062 100-150 | 0.020-0.125 | 125-175 |0.020-0.035 60-125 0.015-0.030 125-175 0.020-0.030 | 200-300 0.020-0.035 
Finish-Facing | 15§0-175|0.020-0.035 150-175 | 0.020-0.050 | 150-200 | 0.020-0.035 125-200 0.010-0.020 | 150-200 0.010-0.020 300-400 0.010-0.020 
| Rough-Boring 60-90 |0.020-0.062 | 80-150 | 0.020-0.125 | 100-175 | 0.020-0.035 60-125 |0.015-0.030 125-175 0.015-0.030 200-300 | 0.015-0.030 


| Finish-Boring 100-150 /|0.020-0.035 | 125-175 0.020-0.050 150-200 | 0.020-0.035 125-200 |0.010-0.020 150-200 ,0.010-0.020 , 200-350 0.010-0.020 
| | 


| | | 


Minute Minute Minute | 


heavy and light. For heavy milling operations, a 
suitable speed with J-Metal for castings in the 
harder range is from 80 to 100 feet per minute. 
Softer castings are machined from 110 to 130 feet 
per minute. Light milling operations may be run 
at much higher speeds—from 150 to 250 feet per 
minute. The usual feed for J-Metal milling cutters 
is from 0.010 to 0.015 inch per tooth, although un- 
der certain conditions this figure may be increased 
to 0.030 inch. The feed is determined by the con- 
dition of the machine and the design of the fixture, 
the hardness of the material being machined, and 
the finish required. 

The advantages of J-Metal are not confined to 


tool bits, welded-tip tools, and milling cutter blades. 
Boring and reaming blades, grooving and forming 
tools, solid milling cutters, spot-facers, counter- 
bores, and other small tools are available for prac- 
tically all machining operations. 

The illustrations on the two preceding pages 
show a few typical examples of work performed 
with Stellite J-Metal tools, including rough-facing, 
rough-turning, and rough- and finish-milling. The 
speeds, feeds, and depths of cut are given to show 
what is actually being done in specific instances. 
These examples are all of everyday work in regu- 
lar machine shop production, indicating average 
practice and results being obtained. 


Crankshaft Tools Designed for Ouick Change-Over 
and Accurate Resetting 


NE of the problems in planning production 
lines for flexibility with a minimum of time 
lost for retooling, regrinding, and resetting the 
tools was sclved by a prominent truck builder by 
employing Mitco Pin-Splice tools, as shown in the 
accompanying illustrations. These tools are made 
by the Michigan Tool Co., Detroit, Mich. The illus- 
trations show the tools set up for machining crank- 
shafts. 

The cutting positions of the tools in turning and 
facing the second and third main bearings of the 
crankshaft are shown in Fig. 1. In Fig. 2 the tools 
are shown set up for turning and facing the second 
and fifth crankpin bearings. This illustration shows 
the tools in position for machining the second 
crankpin bearing. The set-up on the rear tool- 
block, shown in Fig. 3, is used in machining the 
main bearing and flange. 


The Pin-Splice tools shown in the illustrations 
are a combination of the dovetail and dowel types. 
They are mounted in the front face of the holder 
in much the same manner as large dovetail tools. 
Instead of being dovetailed, both the tool and the 
holder are provided with small semi-cylindrical 
grooves, running lengthwise of the tool, into which 
are fitted splice-pins which locate the tools and 
facilitate clamping. No side or angular adjust- 
ment is necessary. Grinding the tools to the proper 
rake angle automatically restores the correct form. 
In resetting, the reground tool is slipped into the 
holder and held against a height block while clamp- 
ing. This simple means of setting the tool facili- 
tates a rapid change-over of tools. By using filler 
blocks, tools of the type shown in the illustra- 
tions can be reground until they are only about 
1 1/4 inches in length, or less. 
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> CHANGL-OVER AND ACCURATE RESETTING 
v 
Fig. 1. Miteco Pin-Splice Tools Set 
up for Machining Second and Third 
Main Bearings of Crankshaft 
Fig. 2. Set-up Using Thrust Screw Fig. 3. Rear Tool-block Equipped 
to Take Some of the Load off Tool- with Mitco Pin-Splice Tools for 
holder when Heavy Cut is Taken Machining the Flanged End 
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—The New Molybdenum- 


HE first general announcement of molyb- 
denum-tungsten high-speed steels known by 
the trade name “Mo-Max” was presented 
before the American Society for Steel Treating at 
its Buffalo convention in October, 1932, and pub- 
lished in the Society’s Transactions in March, 1933. 
The proprietary name Mo-Max for these steels is 
owned and controlled by The Cleveland Twist Drill 
Co., and its only licensed use by other companies is 
for steel made and sold by licensees under The 
Cleveland Twist Drill Co.’s patents. 

For the last three years, the industrial use of 
these steels has been showing a steady and rapid 
increase. The quantity being consumed is a very 
substantial percentage of the entire amount of 
high-speed steel used. This makes it evident that 
Mo-Max is no longer to be considered experimental, 
but must be reckoned with as an established factor 
in the cutting steel field. The data relating to this 
new steel given in this article is based on a long 
period of investigation and has been checked by 
several years experience in its use. 

While the molybdenum-tungsten steels known as 
Mo-Max include low-alloy as well as high-alloy 
steels, only the high-speed steels made to approxi- 
mately the following analysis are considered in this 
article: Carbon, as required for the purpose and 
use of the steel; chromium, 3.50 to 4.00 per cent; 
molybdenum, 8.00 to 9.50 per cent; tungsten, 1.30 
to 1.80 per cent; and vanadium, 0.90 to 1.30 per 
cent. 

The carbon content is selected for specific tool 
requirements in the same manner as for other high- 
speed steels. In general, Mo-Max requires about 
0.08 to 0.10 per cent higher carbon content than 


General Type Carbon Range 
of 
Application Standard 18-4-1 | “*Mo-Max”’ 
High-Speed Steel | High-Speed Steel 
For tools of great tough- . 
wl 0.54 to 0.60 0.64 to 0.70 
For tools of moderate 
hardness and_ tough- | 0.61 to 0.67 0.71 to 0.77 
| For tools of great hard- 
0.68 to 0.74 0.78 to 0.84 


A Condensed Review of the 
Composition, Application, and 
Performance of the Recently 


the 18 per cent tungsten steel. Mo-Max steels take 
this additional amount of carbon into solution when 
hardened. The classification and uses of the differ- 
ent grades of Mo-Max steel and a comparison with 
the carbon range of corresponding 18 per cent 
tungsten steels are given in the accompanying 
table. 


Some Recorded Results of Mo-Max 
Tool Performance 


There are on record at present over 2800 drill 
tests in which Mo-Max drills were compared with 
those made from 18-4-1 high-speed steel. These 
tests were made with a large number of different 
materials and under a wide variety of drilling con- 
ditions. The results indicate that Mo-Max drills 
have an average superiority of about 15 to 20 per 
cent over straight 18-4-1 steel drills. 

The performance of reamers has been relatively 
better than that of twist drills. The fact that Mo- 
Max reamers have exceptional hardness without 
loss of toughness has given them an advantage in 
the majority of the reaming jobs upon which tests 
have been run. 

Lathe tools and tool bits made from Mo-Max are 
growing rapidly in popularity. Machine operators, 
especially piece-workers, express a preference for 
them. Other tools on which satisfactory perform- 


Types and Applications of ‘“Mo-Max” High-Speed Steel 


Approximate 
Is Rockwell Hardness 


Dies, planer tools and other | 
tools subjected to shock Rockwell C60 to 64 


Drills, milling cutters and 


broaches Rockwell C62 to 66 


Reamers and lathe tools re- 


| quiring great red hardness | Rockwell C64 to 68 
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High-Speed 


Developed Molybdenum -Tung- 
sten High-Speed Steels Known 
by the Trade Name *‘Mo-Max’’ 


ance has been obtained are: Milling cutters, hobs, 
circular saws, thread-rolling dies, counterbores, 
broaches, lathe centers, forming tools, dies for both 
hot and cold work, and thread chasers. In general, 
it appears that some form of Mo-Max is suitable 
for any application for which the regular high- 
speed steels have been successful in the past. 


Points to Take into Account when 
Changing to the Use of Mo-Max 


A change to a different tool material, even when 
the difficulties are as slight as in the present case, 
makes it necessary to exercise some thought and 
care if the expected benefits are to be obtained. 
First note that the composition of Mo-Max, espe- 
cially as to carbon content, should be comparable 
with that of the steel that it replaces. 

Mo-Max forges at a slightly lower temperature 
than other high-speed steels, but is so plastic that 
it forges with ease. A little practice will soon in- 
dicate to the forge shop how it should be handled. 
The annealing may be done the same as for other 
high-speed steels and in the same heats, if desired. 

The hardening is done at lower temperatures— 
in the vicinity of 2200 degrees F.—and should be 
carefully controlled. A quick and inexpensive 
check on hardening temperatures may be obtained 
by the examination of the fracture of hardened test 
pieces. The appearance of the fractures on properly 
hardened Mo-Max should be similar to those of 
other high-speed steels. A 10-power hand magni- 
fier is of assistance in this examination. For maxi- 
mum hardness, Mo-Max should be hardened at as 
high a temperature as possible without seriously 
coarsening the fracture. If microscopic equipment 
is available, the microstructures of properly hard- 
ened Mo-Max will be almost indistinguishable from 
those of other high-speed steels. Hardness tests— 
Rockwell or file—will tell whether the desired hard- 
ness has been obtained. 

On tools that are not ground after hardening, 
precautions should be taken to prevent decarburi- 
zation, or soft skin, using the regularly accepted 


methods for this purpose. Tempering is done ex- 
actly in the same manner as with other high-speed 
steels. It is well to practice with disks or other 
test pieces before starting to harden expensive 
tools. Generally speaking, the heat-treatment of 
Mo-Max is slightly different from that of other 
high-speed steels, but is no more difficult. Properly 
hardened and tempered Mo-Max tools may be ex- 
pected to be slightly harder than tools made from 
other high-speed steels. 

It will be noticed that the sparks produced when 
Mo-Max is ground are different from those of the 
older high-speed steels. The sparks have a bright 
orange color and many of them end with a broad 
spear point. Through these sparks, Mo-Max can 
be easily distinguished either from carbon steel or 
from 18 per cent tungsten steels. 


Answering Some of the Objections Raised 
to Mo-Max Steels 


Some of the objections that have been raised to 
the use of molybdenum-tungsten steels are dis- 
cussed in the following paragraphs. 

1. The large inventories of tungsten high-speed 
steels make any rapid change-over costly and un- 
desirable. In many cases, these inventories are 
now greatly reduced and the objection, therefore, 
has less weight than formerly. 

2. It has been stated that the molybdenum steels 
lose molybdenum due to volatilization at high tem- 
peratures. Careful experiments have shown that, 
if there is any loss, it is so slight as to be of no im- 
portance in the commercial production of tools. 

3. It has been said that Mo-Max steels decar- 
burize more rapidly than other high-speed steels 
in heat-treatment. Doubtless they do decarburize 
somewhat more easily than the 18-4-1 type, but 
they decarburize less easily than the types contain- 
ing cobalt. Methods of controlling decarburiza- 
tion are so well known that this difficulty can be 
entirely prevented, even in the case of cobalt steels. 
Millions of tools have been made from Mo-Max 
without a trace of decarburization. Mo-Max high- 
speed steels are now being regularly produced with 
less decarburized “bark” than was general with 
high-tungsten steels three years ago. 

4. It is said that the molybdenum-tungsten type 
of steel is not uniform and that tools made from it 
are sometimes very good and sometimes very bad. 
Several years experience with these tools has shown 
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that, when properly handled, they are neither more 
nor less variable than tools made from other kinds 
of steel. 

5. It has been stated that deliveries are slow and 
that neither the tools nor the steel can be obtained 
promptly when ordered. This situation is rapidly 
improving with an increasing production. Larger 
stocks both of steels and tools are being carried. 

In conclusion, it may be stated that Mo-Max 
should not be regarded as a substitute for existing 
high-speed steels, but rather as an improvement in 
the art of making high-speed steel. 

[The following tool steel manufacturers have 
been licensed to make Mo-Max steels under their 


own brand names; these brand names, as adopted 
by the makers, are given in parentheses: Braeburn 
Alloy Steel Corporation, Braeburn, Pa. (Mo-Cut) ; 
Carpenter Steel Co., Reading, Pa. (Carpenter- 
Moly) ; Crucible Steel Co. of America, New York 
City (Rex T-Mo) ; Cyclops Steel Co., Titusville, Pa. 
(Mo-Tung) ; Halcomb Steel Co., Syracuse, N. Y. 
(Rex T-Mo); Jessop Steel Co., Washington, Pa. 
(Mogul) ; Latrobe Electric Steel Co., Latrobe, Pa. 
(Tatmo); Ludlum Steel Co., Watervliet, N. Y. 
(LMW) ; Universal Steel Co., Bridgeville, Pa. (Mo- 
Tung); Vulcan Crucible Steel Co., Aliquippa, Pa. 
(Vul-Mo); Canadian Atlas Steels Ltd., Welland, 
Ontario, Canada (Mohican). | 


Cutting Large Internal Gears on 


the Ily-Draulic Shaper 


NTERNAL gear teeth of 4 diametral pitch and 
2 inches width of face are cut to a pitch diame- 
ter of 90 inches by employing a Rockford Machine 
Tool Co.’s Hy-Draulic shaper in the manner illus- 
trated. These gear teeth are cut from the solid in 
a tough steel in three operations—gashing, form- 


ing, and finishing. The specifications require that 
the tooth form shall not be lapped or otherwise 
finished after machining and that there be no marks 
of any kind on the finished surfaces. The relatively 
small quantity of these parts required at one time 
does not justify the purchase of a gear-cutting ma- 
chine; hence the adoption of the method here illus- 
trated and described. 

The work is mounted on an accurate indexing 
device. The indexing head and the shaper are 
mounted in accurate relationship on a heavy base. 
Because of the smooth drive to the ram, which is 
obtained hydraulically, the gear teeth are produced 
without the marks that caused a large percentage 
of rejections when the gear teeth were produced by 
methods previously employed. 

The length of stroke on this machine is quickly 
established by the manual adjustment of two dogs. 
Accuracy of stroke control is an important factor 
in this operation, because the cutting tool must stop 
in a very narrow groove at the forward end of 
each stroke. The shaper employed in this unusual 
operation is standard throughout, so that it can be 
applied to a large variety of ordinary shaper op- 
erations such as are met with in the average shop, 
when not required for the gear-cutting job. 


Cutting Internal Gear Teeth to a 
Pitch Diameter of 90 Inches on 
Hy-Draulic Shaper 
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Fig. 1. Three-piece Sectional Broach 
for Finishing Two Concentric Surfaces 


of a Die-casting 


ROACH construction is no longer confined to a 
long piece of solid steel—broaches today are 
frequently made up of a number of sections for 
finishing one or more surfaces, internal or external, 
at the same time. When mounted in a holder, the 
various sections can be sharpened as though the 
tool were in one piece. As the broach wears un- 
der size, it can often be made as good as new by 
merely adding a new section to the finishing end, 
advancing all other sections, and then regrinding 
the entire broach. The advantages afforded by sec- 
tional broaches have advanced broaching far be- 
yond the conventional operations of the past. 


Fig. 2. Another View Showing 
the Large-diameter Broach 
Section and the Pilot 


Figs. 1 and 2 show an unusual tool designed by 
the Ex-Cell-O Aircraft & Tool Corporation for 
broaching two opposed concentric ares of different 
diameter in aluminum die-castings. This broach 
is made in three sections: The inner section which 
broaches surface A, the outer section (see Fig. 2) 
which finishes surface B, and the large separate 
pilot in back of the large-diameter broach. 

This broach is of the push type. The large pilot 
supports the die-casting while the small-diameter 
surface is being broached, and the small pilot on 
the central broach section supports the work dur- 
ing the broaching of the large-diameter surface. 


An Interlocked Concave Mill- 
ing Cutter, 19 Inches Long 
by 4 1/4 Inches at the Small- 
est Diameter and 9 1/4 In- 
ches at the Largest Diameter, 
Made by the Union Twist 
Drill Co. for Milling Cast 
Iron. The Cutter Makes 53 
Revolutions per Minute with 
a Feed of 5 Inches per Minute, 
Removing 1/8 Inch of Metal 


a 
Broaches Expand Broaching 
ily 


Modern Tooling 
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Milling Racks to Close Limits of 
Accuracy with Brown & Sharpe 
Roughing and Finishing Cutters. 
Slots in Racks are 1/2 Inch Wide 
with Limits of Minus 0.0000, Plus 
0.0003 Inch. Spacing is Held with- 
in Limits of Plus or Minus 0.0001 
Inch. Over-all_ Length, 12 Inches, 
with a Tolerance of 0.0005 Inch 


Threading Exhaust Valves for W au- 
kesha Motors at the Plant of the 
Detroit Motor Valve Co. with a 
Landis 7/8-inch Type V Lanco Die- 
head. Material being Threaded is 
3140 SAE Steel, from 229 to 258 
Brinell Hardness. Threaded Part: 
1/2 Inch in Diameter; 20 Threads; 
1 1/2 Inches Long. Tolerance on 
Pitch Diameter, 0.0015 Inch. 
Threading Speed, 10 Surface Feet 
per Minute; 500 Stems Threaded 
between Grinds of Chasers 


Threading 2-inch Nipples in the 
Plant of a Prominent Nipple Man- 
ufacturer, Using the Eastern Ma- 
chine Screw Corporation’s H & G 
Insert Chaser Die-heads. Produc- 
tion on 2-inch Pipe, 500 Threads 
per Hour; on 1[/2- and 3/4-inch 
Sizes, 1000 per Hour. Chaser 
Cost, 1/2 Cent per Hundred on the 
Smaller Sizes; 1 1/2 Cents per 
Hundred on the 2-inch Size 
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Speeds Production 


Form-milling Twenty-five Pieces 
an Hour with a Gang of Barber- 
Colman Standard Milling Cutters. 
Spindle Speed, 71 Revolutions per 
Minute; Feed, 25 Inches per Minute; 
Stock Removed, Approximately 
0.030 Inch. Between 1500 and 2000 
Pieces are Milled before Reshar- 
pening of the Cutters is Required 


Machining Five Surfaces at Once 
on an Automobile Rear Axle Banjo 
Housing with Eclipse Counterbore 
Co.’s Multi-diameter Cutters. Ma- 
terial, Drop-forged Steel; Both 
Machined Simultaneously. 
Production per Hour, from 30 to 40 
Pieces; Number of Pieces per Grind. 
300; Number of Pieces per Life of 
Cutter, 15,000. In the Foreground 
are Shown a New and a Partially 
Used Cutter; Note Design for Re- 
sharpening of Each Diameter 


A Recent Grinding Wheel Develop- 
ment Increases Production. By 
Grinding Cemented-carbide Tools 
on Diamond Wheels, the Carborun- 
dum Co. has Demonstrated that the 
Grinding Time can be Reduced from 
15 to 50 Per Cent According to the 
Type of Tool Ground, while the Tool 
Life between Grinds is often Doubled. 
and in Some Instances Increased 
as Much as Six to Seven Times 
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Drilling 13 Per Cent Manganese Steel with a 
I-inch Morse Twist Drill & Machine Co.’s Cobalt 
Steel Drill, Running at a Peripheral Speed of 
12 Feet per Minute and Using a Feed of 0.0075 
Inch per Revolution. Owing to the Character of 
the Material being Drilled, the Torque Applied 
is 10,000 Inch- pounds—VFifty Times More than 
Required for Drilling Carbon Tool Steel 


Using a Small Rotor Air Tool Die Grinder at the 
Warner & Swasey Plant for Finishing Grooves in 
a Rapid Traverse Bar for a Machine Tool. These 
were Formerly Finished by Hand Filing at an 
Average Time of 36 Minutes per Piece. The Pneu- 
matic Tool, which Weighs only 3 Pounds, Does 
the Work in 18 Minutes, Running at a Speed of 
18,000 Revolutions per Minute 


Riveting Threaded Flanges in Sheet Metal on a 
High-speed Riveting Hammer which, together with 
the Pein and Anvil, is Made by the High Speed 
Hammer Co., Inc. The Riveting Operation is Per- 
formed at the Rate of 2000 Pieces in Ten Hours. 
Correct Design of Pein and Anvil and the Properly 
Heat-treated Special Type of Steel Used for Them 
Make this Production Possible 


Tapping a 1-inch Deep Hole, Class 3 Fit, with 
a No. 8-32 Threads Tap in 1[4-inch Hexagonal 
Brass Rod at the Rate of 1750 Pieces per Hour 
on a Haskins Tapping Machine. Revolutions of 
Tap, Forward, 3000; Reverse, 6000. An Average 
of 26,000 Holes is Tapped between Sharpenings 
of the Tap. Note Depth of Hole, which is More 
than Six Times the Diameter of the Tap 
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Unusual Job for a Keyseater. Culling a Square 
Hole in One Side of a 1 1/2-inch Bored Hole in 
Cast-iron Sleeves 8 Inches Long on a Davis hey- 
sealer Co.’s Machine, Using a 90-degree Double- 
edged Cutter for the Square Corners, Finishing 
with Regular Straight-faced Cullers for Removing 
the Metal Left in the Center of the Square. Time 
Required, 20 Minutes per Sleeve 


Broaching Hard Cast-iron Crankshaft} Main 
Bearing Caps for the Nash Cylinder Block with 
Broaches Made by National Broach & Machine 
Co. from Special Na-Loy Steel. Speed of Broach, 
36 Feet per Minute; Production, 215 Caps per 
Hour, to a Tolerance of 0.0015 Inch: Number 
of Caps per Grind, 16,000; Total Number of 
Caps per Set of Broaches, 120,000 


An Application of the Cam-Lock Adapter. Deep 
Flutes in a High-speed Steel Helical Milling 
Cutter Completed in One Cut with a Two-lipped 
Mill Held in a Brown & Sharpe Cam - Lock 
Adapter. The Adapter Prevents the Tool from 
Working Loose, even under Very Heavy Cuts. 
Previously, Roughing and Finishing Culs were 
Necessary, and the Work Took Twice as Long 


Tapping 1/4-inch, 28-thread Nuts Made from 
Tough Aircraft Steel at the Rate of 1350 an Hour 
on a Haskins Tapping Machine. An Average of 
13,000 Holes is Tapped Between Sharpenings of 
the Tap. The Nuts are Tapped to a Class 3 Tol- 
erance. The Washer Face is at Right Angles to 
the Thread within 0.003 Inch. A Special Fixture 

Aids in Producing These Results 
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Threading 1/2-inch Electrical 
Box Connectors with a 1-inch 
Style TR Geometric Tool Co.'s 
Rotary Self-opening Die-head, 
and Tangemetric Chasers, Mount- 
ed in an Economy Threading 
Machine, at Appleton Electric 
Plant. Material, Steel; 
Threads, 1/2-inch Straight Pipe, 
3/8 Inch Long; Production, 950 
per Hour. The Chasers Last 
Three Days between Grinds 


Rough- and Finish-reaming, Fac- 
ing and Chamfering Steel Forg- 
ing Track Wheel at Cleveland 
Tractor Co.’s Plant, Using a Pot- 
ter & Johnston Automatic Turret 
Lathe Equipped with Reaming 
Heads of Jack-Lock Wedge Con- 
struction, Bars, and Brackets 
Made by the McCrosky Tool 
Corporation. Formerly Three 
Turret Stations were Required; 
Now, Two Stations are Used and 
25 Per Cent of the Time Saved 


Using Cogsdill Mfg. Co.s Black 
Panther Drill and Spline-Lock 
Reamer in a Warner & Swasey 
Turret Lathe for Manufacturing 
Spacers from Bar Stock in a 
Large Automotive Plant. These 
Tools have Proved Themselves 
Capable of High Production and 
Long Life Because of the Im- 
proved Details Incorporated in 
their Construction 
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An Interlocked Convex Milling 
Cutter, 20 Inches Long by 9 In- 
ches in Diameter at the Largest 
Part, Made by the Union Twist 
Drill Co., being Employed for 
Milling a Cast Aluminum Part 
of Unusual Shape. In Performing 
this Operation, the Cutter Makes 
69 Revolutions per Minute with 
a Feed of 7 Inches per Minute. 
The Depth of Metal Removed 
Averages about 1/8 Inch 


The Substitution of a Seneca 
Falls Automatic Work-driver for 
an Ordinary Lathe Dog on a 
Lo-Swing Lathe Cut the Floor- 
to-floor Time per Piece in Half 
and Permitted the Same Opera- 
tor to Tend Two Machines in- 
stead of One as Formerly. In 
Addition, the Positive Chatterless 
Drive Resulted in Longer Tool 
Life and Less Tool Breakage, 
thus Reducing the Idle Time of 
the Machine Considerably 


Planing a Cast-steel Base of a 
Nail Machine at the William 
Glader Machine Works, Chicago, 
on a Double-head Gorton Planer, 
Using Two Armstrong Planer 
Tools with Armstrong High- 
speed Cutters. Cutting Speed, 
40 Feet per Minute. It may be 
Noted that the Left-hand Tool 
is Used in a Reverse Position as 
a Gooseneck Tool 
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HE history of cutting tool ma- 

terials is closely connected with 

the advance of civilization. So 
much is this recognized that the Stone 
Age, the Bronze Age, and the Iron Age 
are marked as cultural steps. Later 
man discovered how to harden iron by 
adding carbon to the metal in controlled 
amounts, so as to obtain steel of the 
desired physical properties. Within the 
experience of present-day engineers is 
the alloying of high melting point metals 
(such as tungsten and chromium) and 
steel for making better tools—such, for 
example, as the regular grade of high- 
speed steel which contains 18 per cent 
tungsten, 4 per cent chromium, and 
1 per cent vanadium, with about 0.70 per 
cent carbon. 

About twenty years ago, Stellite was 
introduced, an alloy of chromium, cobalt, 
and carbon, and generally tungsten or 
molybdenum, but containing very little 
iron. Stellite tools possess hardness at 
a higher temperature than that corre- 
sponding to the red hardness of high- 
speed steels. However, at room tem- 
perature, the hardest Stellite is about 
57 to 60 Rockwell C, which is softer 
than high-speed steel, the latter having 
a hardness of 65 Rockwell C at room 
temperature. 

About ten years ago, cemented prod- 
ucts of cobalt and tungsten with carbon 
were introduced into Germany by Krupp 


Fig. 3. (Below) Cast Iron Chips 
Fig. 4. (Right) Alloy Steel Forging 
Chips 


Recent 


Fig. 1. Turning, Facing and Forming 
a 12-inch Gray Iron Pump Bowl in 
Twelve Minutes 


as tool materials. They contained over 80 per cent tung- 
sten, the balance being cobalt and carbon. These cemented 
carbides were found extremely useful for machining cast 
iron at speeds up to six times that at which tools of high- 
speed steel could be used. 

The hardness of these materials varied from 67 to 75 
Rockwell C, or, as usually expressed for hard materials, 
from 85 to 92 Rockwell A, depending upon the percentage 
of the softer cobalt metal. The strength varied on trans- 
verse rupture tests from 100,000 pounds per square inch 


| results tained in ACHINMIME D7 
in Carbid 
4. 
j 
i 
: 


Fig. 2. Machining Hard Steel Castings 
for Brake-drums with Tantalum- 
carbide Tools 


with the harder grades to 300,000 pounds per square inch 
with the softer grades. These cobalt-cemented tungsten- 
carbide tools, however, did not give satisfactory results in 
machining steels and certain improved cast irons, as well as 
a wide range of other materials customarily met with in 
industrial work. The difficulty was due to “cratering” of 
the chip area on the point of the tool. 

Recently tool materials have been developed by the in- 
troduction of tantalum carbide as the basis of a series of 
compositions which are of wider application in general 


machine work on malleable iron, cast 
iron (particularly of improved tough- 
ness), brass, bronze, aluminum die-cast 
alloys, cast steels, alloy steels, forged 
steels, and forged and heat-treated alloy 
steels. This wide range of usefulness 
has been attained by employing from 
17 to 82 per cent of tantalum carbide in 
compositions comprising varicus  per- 
centages of tungsten and other ingredi- 
ents. Thus carbide alloys are now ob- 
tainable in different qualities, just as 
tool steels are supplied in the temper 
and analysis needed for particular ap- 
plications. 

In general, as the nature of the chip 
varies from the small broken-up type 
produced in machining cast iron to the 
more continuous types obtained from 
steel, a greater percentage of tantalum 
carbide is required. Figs. 3, 4, and 5 
show three primary classes of chips, 
Fig. 3 being those of brittle cast iron, 
Fig. 5, of cast steel, and Fig. 4, of 
forged alloy steel. These chips are taken 
with tool compositions containing 17, 30, 
and 78 per cent of tantalum carbide. 
The chip action on the tool point is pro- 
gressively further back from the cutting 
edge as the materials to be machined 
are less and less brittle. Fig. 6 shows 
a diagrammatic view of the three kinds 
of wear produced on carbide tool ma- 
terials from the three classes of work 
material mentioned. 


Fig. 5. Chips Produced when Ma- 
chining a Regular Type of Steel 
Casting 
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Why the Development of Tantalum Carbide 
Became Necessary 


The function of tantalum carbide is to resist the 
“cratering” action of chips. This resistance is due 
to certain fundamental differences between tan- 
talum carbide and tool materials containing chiefly 
tungsten. Tantalum carbide does not ‘pick up” 
or adhere to other metals under the pressures and 
temperatures of steel chips being cut, and conse- 
quently particles of the hard carbide are not eroded 
by the moving chips, as is the case with tool ma- 
terials that form a crater. 

Another way of expressing this is to say that the 
frictional resistance of tantalum carbide against 
metals is very low. This is corroborated by the 
fact that the horsepower required to turn equal 
cuts from steel test bars decreases with tantalum- 
carbide tools, as compared with other tools. It 
also accounts for the use of tantalum-carbide 
tipped gages and micrometers, which do not “pick 
up” or wear appreciably when in contact with 
metal. 

In the writer’s opinion, this non-adhering prop- 
erty is associated with the high melting point 
(3875 degrees C. or about 7000 degrees F.) of 
tantalum carbide, which is the highest of any 
known substance, and also with its crystalline 
form which is cubic rather than hexagonal, as in 
tungsten and carbon. The chemical inertness of 


tantalum, which in some corrosion-resisting ap- 
plications has made it useful as a substitute for 
platinum, is also shared to a certain extent by 
tantalum carbide. 


Clearance Angles on Tantalum-Carbide Tools 


The tool angles on carbide tools have recently 
been altered somewhat through the introduction 
of tantalum-carbide compositions. The greater 
strength of the tool material has made possible 
the use of sharper angles than were at first recom- 
mended for tungsten-carbide tools. Originally, 
the carbide tools were generally ground flat, with 
minimum clearances to avoid breakage, and this 
practice (even with negative slopes in exceptional 
cases) is still used for brass, and for intermittent 
cuts or hard work. However, tools with a 10-de- 
gree back slope and a 5-degree side rake are used 
for machining brake-drums of copper-silicon cast 
iron with the intermediate tantalum-carbide grades, 
where new and rigidly constructed machine tools 
are available. For fast light cutting on cast iron 
with feeds below 0.011 inch, the clearance has also 
been increased, in some cases, from the original 
recommendation of 4 degrees to 6 to 12 degrees. 

The fact seems to be that every application has 
conditions that alter the most desirable tool angles, 
and generalizations should not be applied without 
tests. Experience is the only guide, although it is 


Typical Speeds, Feeds and Depths of Cut for Tantalum-Carbide Tools 


(Average Range for Good Practice) 


Material Machined—Straight Cutting 


Beryllium Bronze, Hardened ... 
Brass, Common Yellow ........ 


Chitted Cast Iron, 78 Seleroscopc ...... wes 


Araminum, Die-Cast (64 Al 6Si) 


Speed in Feet per Feed per Revolution, 
Minute in Inches 


Depth of Cut, 
in Inches 


1400 to 3500 0.002 to 0.020 


0.008 to 0.040 


0.062 to 0.125 
up to 3/8 


300 to 
200 to 1000 
200 to 1000 


Steel, 0.50 C, 0:80 Mn, 6.60 Mo, 477 Brinell .........5...%5%. 


300 to 1000 


600 to 1000 


800 


0.008 to 0.040 


0.012 to 0.050 
0.012 to 0.050 
0.008 to 0.040 
0.008 to 0.040 


up to1 1/4 


are 165 to 400 0.040 to 0.086 0.040 to 3/8 
Sevaibich 130 to 260 0.008 to 0.080 0.040 to 3/8 
250 to 400 0.008 to 0.080 0.040 to 1/2 
pokass 175 to 350 0.008 to 0.070 0.040 to 3/8 
Peer to 40 0.125 to 0.320 0.040 to 3/16 
eee 800 to 1200 0.008 to 0.040 0.008 to 1/4 
hectare 150 to 300 0.020 to 3/8 0.040 to 11/2 


0.004 to 1/4 
0.008 to 1/4 
0.003 to 1/2 
0.003 to 1/2 


ae 175 to 600 0.008 to 0.040 0.003 to 3/8 
175 to 300 0.008 to 0.040 0.003 to 1/4 
eae 175 to 300 0.010 to 0.040 0.050 to 3/8 
Srevahics 175 to 400 0.004 to 0.040 0.003 to 1/4 
ae 125to 400 0.004 to 0.040 0.003 to 1/4 
ee 100 to 200 0.004 to 0.025 0.003 to 1/4 
err 85 to 125 0.004 to 0.040 0.003 to 1/8 
Pees 100 to 175 0.004 to 0.040 0.003 to 3/16 


While rather wide limits are given in this table, the higher speeds, in general, apply to the lighter, and the slower speeds to the heavier cuts. 


The speeds are dependent also upon the type of machine tools available and the rigidity of tool and work at the higher speeds. 
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WITH TANTALUM-CARBIDE 


TOOLS 


customary to use somewhat less 


rake and clearance than is the 
case with steel tools doing the 
same type of work. If coolants 
or cutting lubricants are used, it 


is necessary that they flood the 


ye 


Fig. 6. Wear on Car- 


work under pressure, as_ inter- 
mittent heating and cooling is 
more detrimental than no coolant 


bide Tool Tips when 
Cast Iron, 
Cast Steel and Forged 


Turning 


at all. A good deal of work is 


Alloy Steel 


done dry with carbide tools. In 
some cases, soluble oil (emulsi- 
fied) in mild dilutions of one to 
twenty, or one to thirty, is satis- 


factory. Compounds containing 


sulphur are detrimental to car- 

bide tools, as is also the cutting 

of high-sulphur steels, which is not recommended. 
The speed of machining with tantalum-carbide 

tools is from two to ten times greater than with 

high-speed tools on the same kind of work. The 

accompanying table shows speeds, feeds, and depths 

of cut customarily used with tantalum-carbide tools 

on different materials. 


Results Obtained in Machining with 


Tantalum-Carbide Tools 


Fig. 1 shows three machining operations on a 
gray iron centrifugal turbine pump bowl with 
tantalum-carbide tools. The first operation is the 
turning of the 12-inch outside diameter with a 
1/4-inch depth of cut over a length of 3 1/2 inches 
at a cutting speed of 214 feet per minute and a 
feed per revolution of 0.18 inch; the second opera- 
tion is facing the end; and the third, forming the 
inside surface. The three operations together re- 
quire a floor-to-floor time of twelve minutes. 

The tools used are ordinary right- and left-hand 
tools in 3/4-inch square shanks tipped with hard 
carbide tips 3/16 by 5/16 by 5/8 inch, and ground 
with a 5-degree front and side clearance and a 
6-degree side rake, no back slope, and a 1/32-inch 
nose radius. 

The usual order of 150 pieces is completed with- 
out regrinding the tools, a high degree of precision 
being maintained. With high-speed steel tools, 
the cutting speed was 40 per cent of that men- 
tioned, and the tools were reground about every 
twenty minutes to maintain an accurate size. Hence 
the time consumed on each lot was from two to 
three times that required with the carbide tools. On 
each lot the manufacturer figures a saving of forty- 
five hours, or $90 for 150 pieces. The total tool 


cost for 150 pieces is $1.90, since the tools cost 
$38.16 and can be reground about twenty times. 


Machining Hard Steel Castings 


An example of the machining of hard steel cast- 
ings is shown in Figs. 2 and 7. Fig. 2 shows the 
job before completion, and Fig. 7 the completed 
brake-drum, indicating the smooth finish. 

The work consists of facing and turning a 
46-inch brake-drum made from a forging of SA E 
4650 steel, heat-treated to an average Brinell hard- 
ness of 500. Two intermediate grade tantalum-car- 
bide right-hand tools are used, the size of the tips 
being 3/8 by 1/2 by 7/8 inch in steel shanks 
11/2 by 1 1/2 by 10 inches. The tools are ground 
with a 6-degree front and side clearance, a 6-de- 
gree side rake, and a 1/16-inch radius. 

Six operations are performed on this brake-drum 
as follows: 

1. Chamfer outer rim of the drum, due to its 
spotty hardness and excessive runout. This is done 
at a cutting speed of 26 feet per minute, using a 
high-cobalt high-speed steel bit. 

2. Rough-turn the outside diameter and face 
mounting flange with intermediate tantalum-car- 
bide tools: Cutting speed, 150 feet per minute; feed 
for turning, 0.024 inch; feed for facing, 0.032 inch; 
depth of cut for turning, from 1/8 to 3/16 inch; 
depth of cut for facing—first cut, 3/32 inch; second 
to fourth cuts, 1/8 inch; fifth cut, 1/32 inch. 

3. Finish-turn outside to 46-inch diameter with 
intermediate tantalum-carbide grade tools: Sneed, 
180 feet per minute; feed, 0.024 inch; depth of cut, 
from 1/16 to 3/32 inch. 

4. Turn outside of rim to 47 inches diameter 
with intermediate tantalum-carbide grade tools: 
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Fig. 7. The Brake-drum in Fig. 2 at 
the Completion of the Machining 


Speed, 205 feet per minute; feed, 0.024 inch; depth 
of cut, from 3/32 to 3/16 inch. 

5. Bore inside of flange to 37 inches diameter 
with intermediate tantalum-carbide tools, blending 
the fillet radius to the rim and facing the rim to 
size. There is also an operation of breaking the 
sharp edges on the rim, which is carried out with 
3/4-inch square cobalt high-speed steel bits. Since 
these operations are performed at the same time, 
the boring speed is 19 feet per minute, the blending 
of the fillet radius 26 feet per minute, and the 
breaking of the edges 28 feet per minute, the speed 
being adjusted to the high-speed steel. The boring 
feed is 0.032 inch, and the depth of cut from 1,8 to 
5/32 inch. 

6. Polish with emery cloth and oil on the outside. 

The tantalum-carbide tools completed each step 
without regrinding. While rough-turning the out- 
side, the tool was in continuous operation for 
55 minutes. The average time for each cut in siz- 
ing the mounting flange was 11 minutes, or 55 min- 
utes for the entire job. The finishing operation on 
the outside was completed in 50 minutes. 

The total time for machining was 5 hours and 
55 minutes when done as outlined, compared with 
12 to 14 hours using only high-speed steel tools. 


While the condition of the tools at the end of each 
operation was very good and they could doubtless 
have been used further without regrinding, it was 
deemed advisable to regrind after each step. The 
amount of carbide removed in regrinding was ap- 
proximately 0.007 inch. 


An Example of Turning Aluminum 
Die-Castings 


In another case, a die-casting made from alu- 
minum alloy (94 per cent aluminum, 6 per cent 
silicon) was machined by the hard grade of 17 per 
cent tantalum carbide in a Sundstrand speed lathe. 
The cutting speed was approximately 1440 feet per 
minute; the feed, 0.002 inch per revolution; and 
the depth of cut, from 1/16 to 1,8 inch. For this 
work, the tool was ground with a 15-degree back 
slope, no side rake, 4 degrees front and side clear- 
ance, and no radius. Tolerances were held to plus 
or minus 0.0005 inch. 

Special attention was given to the temperature 
of the work to prevent distortion. With tantalum- 
carbide tools, the work was always cool enough to 
be gaged and the size was held without difficulty. 
In regular production, the tools are used for about 
4000 pieces, which is equivalent to a two-day run, 
after which they are diamond-lapped. 


Turning Hard Alloy Steel with 
Tantalum-Carbide Tools 


A hydraulic ram (for extruding large copper 
bars), 32 inches long and 7 3/8 inches in diameter, 
made from a special alloy steel of 477 Brinell hard- 
ness, was turned to a 7-inch diameter by using 
tantalum-carbide tools. The composition of the 
steel was as follows: Carbon, 0.51 per cent; man- 
ganese, 0.76 per cent; molybdenum, 0.56 per cent; 
silicon, 0.148 per cent, with a trace of chromium. 
The steel had been quenched in water and drawn 
to 800 degrees F. 

For this work, a heavy lathe approximately 
thirty-five years old, belt-driven, was used. The 
cutting speed was 105 feet per minute, with a feed 
of 0.033 inch per revolution; the average depth of 
cut was 1/8 inch. A high tantalum-carbide tool in 
a 1 1/2- by 3/4-inch shank was used. 

This kind of steel could not be machined with 
high-speed steel tools; if it had not been possible 
to turn it with carbide tools, it would have had to 
be ground. The estimated grinding time was 
40 hours; with the tantalum-carbide tool, the job 
was completed in 6 hours and 25 minutes. The 
tool had to be reground once. 


~ 
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In general, the commercially machineable range 
of hardness of metals used in machine construction 
has been increased greatly by the introduction of 
tantalum-carbide tools. For example, stainless- 
steel valve-seats are being finish-machined with 
such tools at the maximum hardness of this ma- 
terial—about 46 Rockwell C. 

The economic importance of hard carbide tool 
materials may be considered of equal importance to 
the introduction of high-speed steel—first, because 
of savings in floor-to-floor time; second, because of 
accuracy of work, due to less tool wear between 
grinds; and third, because of the extension of the 
range of commercially machineable alloys and 


steels economically available for engineering uses. 
During the past year, increasing numbers of 
tantalum-carbide tools were put into use, varying 
in size from tiny boring tools to tools in 3- by 
3-inch shanks. The tantalum-carbide pieces or 
blanks are obtainable for brazing into steel shanks, 
or the complete tool may be obtained from manu- 
facturers of tools in finished form. The brazing 
can be done by various means—with Tobin bronze 
and acetylene torch, or with copper in a proper 
heating furnace. The grinding of these hard tools 
can be done on cup-wheels of silicon carbide, of 
special grades with loose texture, or they can be 
finish-ground on diamond-impregnated wheels. 


Drilling Hish-Maneéanese Steel with 


Cobalt Steel 


HE ordinary high-speed steel twist drill can- 

not be employed for drilling steel having a high 
manganese content—in some steels the manganese 
content runs as high as 14 per cent. Such steel at 
one time was thought to be impossible to drill, but 
research carried out in the physical laboratory of 
the Morse Twist Drill & Machine Co., New Bed- 
ford, Mass., has resulted in the development of a 
drill made from cobalt steel which solves the 
problem. 

A 1-inch drill of this type especially constructed 
for drilling manganese steel is shown in the accom- 
panying illustration, just withdrawn from a hole 
after drilling. The billet of steel drilled contains 
13 per cent manganese and could be drilled only at 
a peripheral speed of 12 feet per minute and a 
feed of 0.0075 inch per revolution. No lubricant 
is used in drilling, because the presence of lubricant 
causes a glazed condition of the work, which in- 
variably has been found to stop the cutting action 
of the drill. The cutting friction, without lubricant, 
develops practically a red heat at the point of the 
drill, and the drill appears to gain its highest cut- 
ting efficiency at this temperature, acting in this 
respect like other high-speed cutting metals. 

In the tests illustrated, the torque applied was 
10,000 inch-pounds, which is fifty times greater 
than that required for drilling carbon tool steel. 
It is evident that not only a high quality drill but 
also a very sturdy drilling machine is required for 
successfully drilling high-manganese steel. 

Cobalt steel drills are also used for drilling other 


Twist Drills 


materials of high cutting resistance, such as heat- 
treated steel forgings, spring tempered carbon 
steel, magnet steel, and stainless steels that have a 
Rockwell hardness as high as C49, or a Brinell 
hardness as high as 477. Chilled cast iron with a 
3rinell hardness of 402 has also been successfully 
drilled with these cobalt steel drills. 
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Packard 


HE readiness of the automotive industry to 

| try out new methods of manufacture has 

probably been the most important factor in 

its great development. Old theories are seldom 

permitted to stand in the way of new ideas. This 

open-mindedness characteristic of the automotive 

industry has recently led to a radical change in 

the reaming practice of the Packard Motor Car 
Co., Detroit, Mich. 

In an attempt to reduce the cost of reamers, one 
of the engineers thought of making them in disk 
form. In finishing the disks, he ground both sides 
flat and omitted the individual tooth grinding so 
that there was no rake on the teeth. The results 
were surprising; not only was the tool cost greatly 
reduced, but the finish secured was far superior to 
that obtained with long reamers having tooth rake. 
In addition, there was greater accuracy, both in 
concentricity and uniformity of diameter. These 
reamers are now used extensively throughout the 
Packard plant to produce holes that are true as to 
diameter and straightness within plus or minus 
0.0005 inch. Such limits are maintained in ream- 
ing, say, 3/64 inch on the diameter of tough steel 
forgings. Holes ranging from 7/16 inch to 2 1/4 
inches in diameter are reamed by the new method. 

The cost of these reamers is very small after a 
holder or arbor has once been made. In fact, they 
are so inexpensive that they could be thrown away, 
like razor blades, when they become dull. How- 
ever, it is the practice to regrind them time and 
again until they have been used down, in some 
cases, to a thickness of 1/16 inch. 

In some operations, the new reamers remain 
sharp longer than tools of the conventional type, 
and when they become dull, they can be replaced 
quickly. Because these disk type reamers are in- 


Reamers so Thin as to Resemble 

Fluted Disks and with Flat 

Sides Have Been Found to Give 

an Exceptional Finish with Low 
Tool Costs 


By CHARLES O. HERB 


expensive, the operator may always have a quantity 
of five or six on hand; with reamers of the con- 
ventional type, on account of the comparatively 
high cost, an operator is generally allowed only the 
tool that is in actual use. When that becomes dull, 
the machine is tied up while the operator sends to 
the tool-crib for another one. Fig. 1 shows the 
extra reamers that the operator of one machine 
usually keeps on hand. 

In replacing reamers of the conventional type on 
some machines, considerable time is required, be- 
cause it is necessary to lower a bushing plate in 
order to free the reamer. Bushing plates need 
seldom be disturbed in changing the new type. 

Disk type reamers that have been worn under 
size are expanded over size by a peening method, in 
which three balls are rolled under pressure around 
the cutter just inside the roots of its teeth. After 
a cutter has been peened, the teeth are again ground 
to the correct diameter. 

When new, the thickness of the disk type ream- 
ers is about three-sixteenths of the diameter, so 
that a 2 1/4-inch reamer would be 3/8 inch thick, 
and used down to a thickness of about 1/8 inch. 


The Disk Type Reamers are of Simple Design 


These disk type reamers are generally made with 
eight teeth, unevenly spaced. Usually, the front 
face of the teeth is slightly in back of a radial line 
extending through the center of the cutter, but 
sometimes the teeth are radial. In the former case, 
the front face is always parallel to a radial line, 
whereas in the second case, the front face is under- 
cut a maximum of 7 degrees. The height of the 
teeth is generally made one-twelfth the outside 
diameter of the reamer. 
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Revolutionary Reaming Method 


The tooth lands are ground cylindrical without 
any clearance, the width of the lands ranging from 
1/32 to 3/64 inch. The sides of the reamers are 
ground flat, so that the teeth are without rake. The 
reamers are made without a keyway (see Fig. 1), 
so that they are of uniform strength at all points. 
Also, this insures that they will be held concen- 
trically on the arbors. 


How the Disk Type Reamers are Fastened 
to Their Holders 


In most cases, the disk type reamers are fastened 
to a shank or holder. The reamer is simply clamped 
against a shoulder by means of a heavy hexagonal- 
head screw which engages a tapped hole in the 
shank. The screw-head is provided with an in- 


Fig. 1. Reamers of the Disk Type, 
Shown Separately in the Foreground 
and on Holders in the Background 


tegral collar that seats against the front face of 
the reamer. The threads are made right hand, so 
that the clamping pressure on the cutter increases 
with the driving power. The reamer is seated on 
a ground cylindrical surface of the holder to insure 
concentricity. 

In the case of line reamers, such as shown at the 
top in Fig. 2, the disk type reamer A is slipped 
along the cutter-arbor until it is seated against a 
shoulder. Then the long threaded nut B is screwed 
on tightly to hold cutter A firmly. A keyed bush- 
ing C is next slipped against another shoulder of 
the arbor, and a second reamer D is seated firmly 
against the front end of this bushing. A long pilot 
bushing F is now slipped over the arbor in front of 
cutter D, and a nut F is screwed on the end to hold 
the assembled tool together. 

This tool replaced the solid type of reamer be- 
neath it, which cost approximately $35 and had to 
be scrapped when the diameter of the cutting edges 
became worn below the required limits. With the 
new type of tool, the arbor lasts indefinitely. 
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VEW REAMING METHOD 


Reamers of the type shown at the top in Fig. 2 
are being used for finishing the distributor-shaft 
hole in cylinder blocks. The reamers are 7/8 inch 
and 1 1/4 inches in diameter, and the arbor is 
30 inches long over all. Another typical job con- 
sists of reaming two holes 0.865 to 0.8655 inch in 
diameter by 2 inches long and one hole 1.499 to 
1.501 inch in diameter by 1 1/2 inches long in 
front-wheel support arms, which are made of a 
tough steel. As on most other jobs, the disk type 
reamers last longer in this operation than the con- 
ventional reamers, and the finish is better. 

A reamer of 7/16 inch diameter, which is used 
on cast-iron flywheels, had finished 6500 holes at 
the time that the writer saw it in operation and 


shown in Fig. 3. It takes a second reaming cut, 
and at the same time, finishes the hole by burnish- 
ing. About 0.015 inch of stock on the diameter 
is reamed from the hole, and in burnishing, the 
metal is compressed between 0.0003 and 0.0005 inch 
on the diameter. An unusually high mirror finish 
is obtained, and the bores are true within plus or 
minus 0.00025 inch. 

The reamer and the burnishing rollers are ac- 
curately guided by the large-diameter pilot seen 
immediately above the rollers, which engages a 
bushing at the top of the fixture. While Fig. 3 
shows the crankshaft end being reamed and fin- 
ished, the same operation is also performed on the 
piston-pin end. 


B 


Fig. 2. Long Cutter-arbor with Two Replaceable Disk 
Type Reamers (Above), which has Replaced the Expensive 
Solid Reamer Shown Relow 


was then estimated to be good for another 4000 
holes. Reamers of the conventional type would 
have had to be replaced four times. The disk type 
reamer was only 3/52 inch thick, whereas the regu- 
lar reamers were about 2 inches long. 

Experiments made in finishing the bores in the 
crankshaft and piston ends of the connecting-rods 
may result in a complete change in the methods 
now employed. At present, these bores are reamed 
with a disk type cutter, after having been rough- 
and finish-bored, and are then ground accurately to 
size. In the experiments, use has been made of the 
tool shown in the heading illustration, which con- 
sists of a disk type reamer and a set of burnishing 
rollers, mounted above it. 

This combination tool is used on an ordinary up- 
right drilling machine provided with the fixture 


The simplicity of the disk type reamers facili- 
tates their manufacture in large quantities, as will 
be seen from Figs. 4 and 5. In Fig. 4, the flutes 
are being milled simultaneously on about seventy- 
five disks of high-speed steel. 

After the flutes have been milled, the cutters 
are heat-treated and then their faces are surface 
ground (see Fig. 5). When the holes have been 
finished in an internal grinding machine and the 
lands of the teeth on a cylindrical grinder, the 
cutters are ready for use. 

Several concerns have been licensed by the Pack- 
ard Motor Car Co. to manufacture these disk type 
cutters for the general market. These firms in- 
clude the Mid-West Tool & Mfg. Co. and the Na- 
tional Twist Drill & Tool Co. of Detroit, Mich.; and 
the Illinois Tool Works, Chicago, Il. 
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Fig. 3. Finish-reaming 
and Burnishing Ends 
of Connecting - rods 
with the Combination 
Tool Shown in Head- 


ing Illustration 


Fig. 4. Milling the 
Flutes in  Approxi- 
mately Seventy - five 
Reamers at One Time 


by Using Three Arbors 
and Three _ Milling 
Cutters 


Fig. 5. Surface Grind- 
ing the Flat Sides of 
Disk Type Reamers on 
a Quantity Produc- 
tion Basis After 
Hardening 
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Tapping a Thin Brass Fixture Part at the 
Rate of 1050 Pieces an Hour on a Haskins 
Tapping Machine with a John Bath Co.’s 
Tap. Size of Tapped Hole, 1 1/8 Inches 
by 32 Threads; Depth, 0.100 Inch. Revolu- 
tions per Minute of Tap, Forward, 800; 
Reverse, 1600. The Eight-fluted Tap Pro- 
duces 60,000 Holes between Sharpenings 


N examination of the catalogues of tap man- 
A ufacturers will disclose that there are a 
number of different types of taps made; 
most of the styles have four flutes, the others being 
made with two and three flutes. In addition, there 
are so-called “gun” taps and a number of special 
types. When should each of these different kinds 
of taps be used? 

Some manufacturers make taps up to 1/4 inch 
in diameter in a standard two-fluted style. These 
taps should not be confused with the “shear-cut” 
or gun taps having two flutes. The regular two- 
fluted taps have very wide flutes and very narrow 
lands. They are not often used, because their ap- 
plication does not appear to be well understood by 
mechanics generally. However, they deserve to be 
more widely used, as they provide ample chip room 
and reduce the frictional resistance while tapping. 
If very close tolerances are required, it may be 
somewhat difficult to hold the size with these taps, 


Selecting the Right 


A Number of Different Designs 

of Taps are Regularly Available 

on the Market. For What Pur- 

poses are These Different Types 
Most Suitable? 


By H. GOLDBERG 
Vice-President 
Rk. G. Haskins Co. 
Chicago, 111. 


because they have very little support on account of 
the two narrow lands. 

They are exceptionally well suited for tapping 
soft steel, and work well on Shelby tubing, copper, 
brass, bronze, and upset material that has a tend- 
ency to shrink. As there is ample chip room, these 
taps are suitable for materials that have a tendency 
to produce curling chips. They are also excellent 
for tapping Bakelite. 

Another advantage of this style of tap is that the 
chamfer can be provided with a slight amount of 
shear, so that the tap will cut more freely, making 
it suitable for deep-hole tapping. These taps must 
be kept very sharp, so that they cut freely, as other- 
wise, they break easily because of the deep flutes; 
but they are easy to resharpen. They are not recom- 
mended for tapping cast iron, stainless steel, Monel 
metal, nickel, or tool steel. 

Taps with three flutes are available up to and 
including the 1/2-inch size; but the No. 7 and 
smaller sizes do not have sufficient chip room. 
Three-fluted taps should, therefore, rarely be used 
in these smaller sizes except on very thin materials. 

For general all-around work, up to and including 
3/8 inch in diameter, however, and on coarse 
pitches such as 7/16 inch-14 and 1/2 inch-13, 
this type is more suitable than the four-fluted style. 
The advantages of the three-fluted tap in these 
sizes are that it has more chip room, is easy to re- 
sharpen, and will give close tolerances. It works 
satisfactorily on all materials; but if made with 
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lap to Suit the Job 


too wide a land, it has a tendency to load rapidly 
when tapping steel. These taps can be ground with 
a slight shear, which combines the advantages of a 
shear-cut tap with those of the narrow lands of the 
three-fluted tap. 

By far the largest majority of taps have four 
flutes, and when taps are being purchased, four- 
fluted taps are generally supplied, unless otherwise 
specified. Taps with four flutes are satisfactory in 
sizes above 3/8 inch, but are not recommended for 
high-speed tapping in the smaller sizes because of 
the reduced chip space. This will be readily recog- 
nized by examining a 10-24 or 1/4 inch—20 tap. 
When four flutes are cut in so small a tap the flutes 
by necessity must be rather narrow and shallow, 
leaving very small chip room. 

As already mentioned, even in the larger sizes, 
such as 7/16 inch-14 and 1/2 inch—13, a three- 
fluted tap will work better than one with four 
flutes. The small sizes with four flutes should be 
used only for hand tapping. In the larger sizes, 
above 3/8 inch and especially above 1/2 inch, taps 
with four flutes work satisfactorily. 

A style of tap of more recent introduction that 
shears the chip ahead is variously known by the 
trade names Gun tap, Chip Driver, or Spiral Point 
tap. These taps, in the smaller sizes from No. 2 
to 5/16 inch, are made with two flutes. This flute, 
however, is quite narrow and shallow, and the land 
is very wide to allow for a shear angle at the point 
of from 15 to 22 degrees. 

This kind of tap shears the metal and curls it, 
so that the chip is always ahead of the tap and 
practically no chips get into the flute. The strength 
of the tap is greater than that of other styles be- 
cause of the large cross-section remaining after 
fluting. The shear reduces the amount of power 
required for tapping; hence, it is ideally suited for 
the tapping of steel, especially alloy steels. 

This tap, however, is not suitable for all kinds 
of tapping. The fact that the chips are sheared 
ahead of the tap means that it must be used either 
in a through hole or in one that is deep enough 
beyond the thread so that there is sufficient room 
for the chips. In blind holes it is sometimes diffi- 
cult to remove the chips because of their stringy 
nature and their tendency to pack tightly in the 
bottom of the hole. 

Furthermore, because of the width of the lands, 


Tapping 2200 Brass Terminal Blanks per 
Hour in 1/16-inch Thick Stock. Size of 
Tap, No. 6 by 32 Threads. Revolutions per 
Minute of Tap, Forward, 3000; Reverse, 
6000. An Average of 30,000 Holes is 
Tapped between Sharpenings of the Tap. 
An Air-operated Fixture Insures Uniform 
Tapping Pressure and Ease of Operation 


there is more friction in tapping, which will cause 
the tap to load or pick up metal in tapping certain 
grades of steel. It should not be used for work 
that has a tendency to shrink while being tapped, 
such as copper, bronze, brass, or material that has 
been cold-headed or upset. In such materials, the 
tap loads rapidly and its life is short. It is best 
suited for tapping sheet steel and shallow holes 
where the depth of the hole is less than two diame- 
ters of the tap. These taps are rather difficult to 
resharpen by hand; and usually, after they have 
been resharpened, the production obtained between 
grinds is materially reduced. 

In sizes from 3/8 inch up, this style of tap is 
provided with three flutes instead of two. In these 
larger sizes some of the advantages of the smaller 
taps are lost, since the width of land is too great 
for high-speed tapping. Better results can be ob- 
tained by using a standard three-fluted tap and 
grinding a slight shear angle at the point. 
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Carbide Tools Have Called for). 


Fig. 1. A Turner or Box-tool which has 
been Found to be Entirely Satisfactory 
for Use with High-speed Steel Tools 


Fig. 3. The Standard Type of Multiple 
Turning Head for Chucking Work, Used 
for Turning and Boring from Turret 


How the Machine Tool 

Builder Has Met the 

Challenge of Carbide 

Tools, Not Only by Im- 

proved Machines but by 

Marked Improvements 
in Tool-holders 


OR several years following the introduction 
of cemented-carbide tools, designers of ma- 
chine tools paid special attention to the 

strength of their machines to provide the required 
increased rigidity. From the first it was recog- 
nized that vibration was the greatest obstacle to 
the proper functioning of cemented carbide. The 
improvements made included greater mass and 
greater stability, as well as provisions for higher 
speed. 

It was not until recently, however, that there 
was a real appreciation of the fact that a new type 
of approach must be made if maximum results 
were to be obtained. It had been assumed that by 
increasing the rigidity of the machine and by pro- 
viding new materials in the construction, the ma- 
chines would perform acceptably with the new cut- 
ting tools. But this was not enough. It remained 
for the tool designer to discover that unless the 
holding device for the cutter itself was given the 
same kind of engineering analysis, the machine 
tool could not perform to meet the new demands. 

The illustrations show examples typical of the 
study carried on at the plant of the Warner & 
Swasey Co., indicating the progress made by ap- 
plying engineering principles to this problem. 
Turning tools of the type commonly used on turret 
lathes were among the first items studied. 

One type of these turners, or box-tools, is shown 
in Fig. 1. For ordinary requirements, this turner 
is entirely satisfactory. Note the construction of 
rolls, jaws, and clamping stud in the foreground; 
then note the assembled relation with the cutter. 
The rolls and jaws depend upon the strength of 
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Redesign Tool-Holders 


By 
J.R. LONGSTREET 
The Warner & Swasey Company 


Cleveland, Ohio 


the clamp bolt to draw the jaws solidly against 
the turner body. This means that any adjustment 
between the cutting edge of the tool and the front 
of the roll (always an important relation) can be 
obtained only by adjusting the cutter in the open 
slot of the cutter-block. This is not difficult with 
high-speed steel tools, because of the ease with 
which the clearance angles of the cutter can be 
ground by hand. The chip removed at the or- 
dinary operating speeds of high-speed steel is 
rolled in a continuous spiral, giving the least cut- 
ting resistance; hence the spring of the various 
parts of the tool is minimized. 

The shortcomings of this design became appar- 
ent with the application of carbide cutters. Be- 
cause of the cost and the care necessary in grinding 
the carbide cutter, it became advisable to have the 
cutters conditioned at a central source. The cut- 
ting angles had to be established and maintained; 
therefore, it was no longer possible to establish 
the relation of cutting edge and rollers by adjust- 
ing the cutter, because the carefully ground clear- 
ance angles would be lost. 

With the high-speed removal of metal with car- 
bide cutters, the continuous chip became a source 
of danger to the operator, and its removal a prob- 
lem, because of rapid accumulation. To break up 
the chip for easy handling and safety introduced 
heavier cutting strains, which tended to spring the 
tool. It was found that very slight variations in 
grinding introduced large variations in cutting 
load. Fig. 5 shows variations in chips due simply 
to differences in tool grinding. 

A third problem introduced by carbide was how 


Fig. 2. The Evolution of a Turret Lathe 
Turner that Makes it Suitable for Ma- 
chining with Cemented-carbide Tools 


Fig. 4. The Multiple Turning Head with 
Cutter-holders as Recently Developed 
for Use with Cemented-carbide Tools 
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to surround the cutter with a sufficient mass to 
dampen vibration, and how to use this mass to 
produce the maximum strength and rigidity in a 
very confined space. With turret lathe tooling 
especially, the matter of tool clearance is vitally 
important. 

Drop-forgings, alloy steels, and high-strength 
irons were already used in the design shown in 
Fig. 1; therefore, a radical departure was neces- 
sary for the solution of the problem. Fig. 2 shows 
the solution finally evolved. The machine having 
been powered to the point where the carbide tool 
became the weakest element, the turner has been 
equally increased in strength. A 30 per cent in- 
crease in weight, with an actual lessening of tool 
interference, as compared with the design in Fig. 1, 
has produced a tool that has broken down every 
carbide tried without a trace of vibration. The 
cutter has been mounted in a massive block to 
absorb vibration; the relation of rolls, work diame- 
ter, and cutter changed to cut down interference; 
and the entire roll and jaw construction altered to 
provide endwise adjustment while maintaining the 
cutter in a fixed relation. 

A combined dovetail and square lock construc- 
tion replaces the pivoted cutter-block with open 
slot of the older design. Double taper-lock con- 
struction of roll jaw and binder stud provides a 
rigid clamping of the jaw body to the turner body, 
making them virtually an integral unit. Increased 
loading on the rolls is possible through the use of 
anti-friction bearings. The net result is a tool- 
holder equal to the machine development and in 
advance of the cutter development. 

Chucking tools have been developed in a similar 
manner. The results are shown in Figs. 3 and 4. 
The standard multiple turning head with plain- 
angle and adjustable-angle cutter-holders is shown 
in Fig. 3. This group of tools is used for turning 
and boring operations from the hexagon turret 


Fig. 5. Chips Taken 

in Turning the Same 

Material under Iden- 

tical Conditions Ex- 

cept for the Difference 

in the Grinding of 
the Tools 


of a turret lathe. The head provides nine holes 
for tool-holders, so that the entire work range of 
diameters can be handled, plus an extra hole for 
overhead pilot-bar mounting. 

For high-speed steel, Stellite, and certain types 
of carbide work, this type of head and tools are 
very satisfactory. To obtain the best results from 
carbide cutters, however, the multiple turning 
head and cutter-holders shown in Fig. 4 were de- 
veloped, covering the identical range of the former 
head. Five holes in the head accomplish the work 
of nine in the previous construction, because of 
the design of the cutter-holders. By reversing the 
offset heads of the cutter-holders and extending 
the cutters, the entire cutting range of the multiple 
turning head is covered. Increased mass of the 
multiple turning head, together with large-diame- 
ter tool shanks and heavy tool-bit sections, allows 
overhang of carbide-tipped cutters, something that 
never before was possible. 

Cuts 1/2 inch deep, with 0.050 and 0.060 inch 
feed at 300 surface feet, have been taken in nickel 
cast iron with a 3 1/2-inch overhang of the cutter 
shank and 10 to 12 inches of tool-holder extension 
from the multiple turning head, without chatter 
or chipping of the carbide tip. 

Improvements in the holding and adjusting of 
the angle cutter-holders in the head are also clearly 
shown in Fig. 4. Among these are fine radial ad- 
justment of the cutter-holders by means of the 
collar and stop-screw; binder clamps replacing set- 
screws; and new overhead pilot arrangement. With 
this construction, the pilot-bar is attached to the 
head of the machine instead of to the multiple 
turning head. 

Carbide cutters called for radical developments 
on the part of the machine tool manufacturer; that 
he has accepted the challenge and met it, is evi- 
denced by the results obtained from the use of these 
new carbide tools. 
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Correct Cutter Maintenance 


To Obtain Maximum Performance at Minimum Cost 
for Maintenance, Great Care Must be Exercised 
in Selecting and Grinding Cutters to Suit Job 


By R. R. WEDDELL 
Ingersoll Milling Machine Co. 


ance of milling cutters is noted when the 
same cutter is used for both roughing and 
finishing. The cutting angles of the roughing cut- 
ter are not suitable for finishing, and vice versa. 
Rough milling is a metal removing job. Finish 
milling is a thin shearing operation. For best re- 
sults, the cutters should be ground differently. 
Furthermore, if inserted-blade cutters are used, 
the blades should be located at different angles in 
the bodies, so that they are adjustable in the direc- 
tion requiring the least overhang and the least 
movement to compensate for the metal removed in 
grinding. This is very important in the case of 
cutters used for milling parts with thin sections, 
such as cylinder blocks, gear-cases, motor frames, 


ave ot iin variation in the perform- 


A B 

lu 
\ \ 

ROUGHING FINISHING 

CUTTER CUTTER 


Fig. 2. (Right) Diagram Showing 

Range of Adjustment E and F of 

Finishing Blade B, Compared with 
D and H of Roughing Blade A 


etc. To mill these comparatively frail parts ac- 
curately, the cutters should be kept in a most effi- 
cient condition. 

The difference in the design and application of 
roughing and finishing face milling cutters used 
for high production is shown in Fig. 1. The rough- 
ing cutter, designed for heavy metal cutting, digs 
into the work in the direction of the feed. The 
peripheral edge breaks through the hard scale and 
bears most of the wear. The face of the cutter at 
A merely scrapes the face of the surface just cut. 
As the roughing cutter does not cut on face A, the 
majority of the grinding or sharpening is done on 
end C. If an inserted blade is used, most of the 
adjustment should be in a radial direction. This 
will facilitate the maintenance of the cutter. 


Fig. 1. (Left) Diagrams Showing 
Design and Application of Roughing 
and Finishing Cutter Blades 
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CORRECT CUTTER MAINTENANCE > 
6°CLEARANCE Fig. 3. Design of 
 x45°CHAMFER Blade: Taking 


“LAND 

ROUGHING 

CUTTER SHORT LAND 
\ | 


2°to 3° CLEARANCE 


Roughing and Fin- 
ishing Cuts on 


Mild Steel 


If the finishing cutter, Fig. 1, is ground cor- 
rectly, the face B will sweep the work. The face 
of this cutter is ground off at an angle to give it 
a slight lead into the work. This gives a shear- 
ing cut. It further helps to take up any loose- 
ness in the spindle, crowding the latter back into 
its bearings and thereby producing a smooth, ac- 
curate finish. When the cutter is worn, it is re- 
ground principally on the face. If inserted-blade 
cutters are used, most of the adjustment should 
be in an axial direction. 

In Fig. 2, a roughing blade A and a finishing 
blade B are shown, one imposed on the other to 
indicate more clearly the difference in the two 
types. The details of the most efficient cutting 
or outline angles for milling cutters vary, how- 
ever, with the material to be milled. Further- 
more, the details will vary for the same material, 
according to the depth of cut, machineability of 
the material, section of the part, holding fixture, 
and condition of the equipment used. 

The most effective cutting angles for milling 
cutters for mild steel are indicated in Fig. 3. It 
will be noted that fairly sharp rake and shear 
angles are used and that there is a short land on 


the outline of the face. Mild steel must be pene- 
trated sharply and quickly, leaving no more of 
the edge left in the cut than is necessary. 

Cutters for milling cast iron, as shown in Fig. 4, 
do not require as sharp edges as those used for 
steel. Cast iron is more wearing on the cutter 
and more metal is needed at the cutter edge for 
strength and heat conductivity. A wide land be- 
hind the slanting entering edge on the finishing 
cutter produces a fine finish. 

A compromise for a general-purpose cutter, 
which might be used for milling both steel and 
cast iron, is shown in Fig. 5. The cutting angles 
shown are the ones found on the average milling 
cutter. 

For milling aluminum or copper, which are soft 
stringy metals, cutters should have as sharp rake 
and shear angles as practical. Fig. 6 shows de- 
sirable cutting angles for these materials. Un- 
fortunately, these sharp angles introduce problems 
of chip removal, which reduces the effectiveness 
of the cutters. 

Sometimes in face-milling it is advisable to have 
the spindle of the milling machine pitched over, so 
that there is no drag at the back or heel of the 
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Fig. 4. Design of 
Milling Cutter 
Blades for Taking 
Roughing and Fin- 
ishing Cuts on 
Cast Iron 
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Fig. 5. Design of 

General-purpose 

Cutter Blades Suit- 

able for Milling 

Both Steel and Cast 
Tron 


CHAMFER 


° CHAMFER 


ROUGHING 


FINISHING 


CUTTER 


2 to3 CLEARANCE 


cutter. As shown in Fig. 7, there should be a 
clearance or opening at the back of the cutter 
equivalent to about 0.002 inch per foot of cutter 
diameter. This, of course, produces a very slightly 
hollowed surface, as shown exaggerated at A. This 
hollow, however, is hardly measurable. 

Chip clearance, always a dominant factor in 
metal cutting, presents many problems in milling 


may pack in the cutter, regardless of how gener- 
ous the chip clearance may be. Grinding a groove 
along the face of the cutter, as shown in Fig. 8, 
will suffice. Note, however, that this groove per- 
mits the chip to curl away from the bottom of the 
cutter slot and that the chip must break in two 
before it can pack up at this point. 

In addition to correct cutting angles, the use of 


WALZ 


ABOUT 0.002" 
IN 12" 
SURFACE WILL BE 

SLIGHTLY HOLLOW MILLED 


CHIP BROKEN 


4 A UP BEFORE IT 
FEEDING IN THIS DIRECTION CAN PACK iN 
BOTTOM OF GROOVE 
FIG.7 FiIG.8 


4 


YY. Fig. 7. Milling Machine Spindle 
Tilted at a Slight Angle to 
Eliminate Drag at Heel of Cut- 
ter. Fig. 8. Milling Cutter Tooth 
with Groove on the Face for 


Breaking up Chip 


cutter design. Presuming that the cutters have 
as generous chip clearance as practical, further 
improvement may be obtained by using heavy pres- 
sure on the oil or coolant. Not only should the 
chips be washed away by the coolant, but a stream 
of coolant should be directed against the face of 
the cutting edge to lubricate this surface and per- 
mit the chips to slide away from it. Sometimes 
the chips themselves must be broken up, or they 


a satisfactory coolant or lubricant will aid in ob- 
taining a fine finish. A very rich mixture is some- 
times necessary to improve the comparatively 
rough surface generally obtained in milling stain- 
less steels or other alloyed metals. The advice of 
a cutting oil manufacturer as to the proper lubri- 
cant may contribute as much to the success of a 
machining operation as that of the manufacturer 
of the cutting material or the tool itself. 
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Modern Cutting Tools 


years have helped immensely in making it 

possible for better automobiles to be sold 
at lower prices. The large volume of production in 
automotive plants makes the industry a fertile field 
for the application of new cutting materials. In an 
extensive survey recently made, it was found that 
109 different automotive parts of various materials 
were being successfully machined with carbide 
tools. 

Wherever castings are turned, bored, milled, or 
faced at the Ford Motor Co., Dearborn, Mich., 
tungsten carbide or Stellite J-Metal is used, except 
for the cast crankshafts. Only high-speed steel 
stands up well in machining the crankshafts. Tung- 
sten carbide and Stellite J-Metal have been adopted 
as standard for other castings because of the econ- 
omies that they provide and the accuracy and finish 
obtained. As an example, it is only necessary to 
point out that the cylinder blocks are finish-bored 
with tungsten carbide to within 0.0002 inch of the 
specified diameter and within the same tolerance 
as to straightness and roundness. Only 0.0007 to 
0.0009 inch of stock on the diameter need be re- 
moved by honing. 


C UTTING materials developed during recent 


The Extensive Use of Tungsten 
Carbide and Stellite J-Metal 
throughout the Ford Plant is 
Conclusive Proof that These 
Cutting Materials Provide a 
Means of Substantially Redu- 


In selecting the tools for a job, consideration is 
always given to the length of time the tools will 
stand up between grinds. There is no advantage 
in providing tools of tungsten carbide or Stellite 
J-Metal for an operation if they will not last sub- 
stantially longer than tools of high-speed steel. 
When the life between grinds is short, more time 
may be consumed by stopping the machines for 
changing the tools than is gained by the increased 
speed of the operation. 

In the milling operations on the cylinder blocks, 
Stellite J-Metal is generally used for roughing and 
tungsten carbide for finishing. The former mate- 
rial has been found to stand up better in the inter- 


Fig. 1. Tungsten - carbide 
Tools Bore Ford Cylin- 
ders to Size, Straight and 
Round within 0.0002 Inch. 
Only 0.0007 to 0.0009 Inch 
on the Diameter Need be 
Removed by Honing be- 
cause of the Fine Finish 
Obtained in Boring 
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cing Production Costs and At- 
taining Accuracy and Quality 
of Finish. A Study of the Fig- 
ures in this Article May Sug- 
gest New Lines of Attack on 
Production Problems 


mittent cutting through the hard outer skin of the 
cylinder blocks. In other operations where boring 
is performed near the center of revolving work 
simultaneously with turning and facing cuts at 
some distance from the center, Stellite J-Metal is 
frequently used for the boring, because the surface 
speed of this cut is slower than that of the turning 
and facing cuts. 

Tungsten carbide and Stellite J-Metal are used 
not only on such iron castings as the cylinder blocks 
and flywheels, but also on parts cast of iron and 
steel alloys, such as brake-drums, pistons, and cam- 
shafts. The same cutting materials are also used 
in operations on the copper-silicon rear-wheel hub 


Fig. 2. The Steel Center 
of Timing Gears is Bored 
by Tools of Stellite J-Metal 
and Reamed by a Tungsten- 
carbide Tool while the 
Micarta Rim is Turned 
and Faced by Tungsten- 
carbide Tools, All in One 
Operation 


castings, on aluminum cylinder heads, and alu- 
minum valve-chamber covers. 

One of the tungsten carbide operations that dif- 
fers considerably from the others is the broaching 
of valve-guide bushings, which are iron castings 
having a medium Brinell hardness. A semicircular 
surface is broached, as well as adjoining flat sur- 
faces. The operation is performed in a continuous 
type of machine, in which link conveyors carry the 
work pieces across the broach sections. The semi- 
circular surface broached is 0.313 inch in diameter 
and the bushings are 2.42 inches long over all. This 
operation is performed at an average tool cost of 
only 13 cents per thousand pieces with broaches 
tipped with tungsten carbide; when high-speed 
steel broaches were employed, the tool cost was ap- 
proximately $1.25 per thousand pieces. 

While the cemented carbides have not yet been 
developed to the point where they can be specified 
indiscriminately for the machining of steel, there 
are several applications of this type in the Ford 
plant. One consists of the precision-boring of the 
crankshaft end of the steel-forged connecting-rods. 
In this operation, the depth of cut varies from 
0.0075 to 0.009 inch and the spindle runs at 680 
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MODERN CUTTING TOOLS IN 


revolutions per minute. The finish-bored diameter 
of the hole is 2.220 inches. The tool is fed through 
the connecting-rod at the rate of 4 inches a min- 
ute, or 0.0058 inch per revolution. The tool life 
averages 150 pieces per grind. This operation is 
illustrated in Fig. 5. 

Stellite J-Metal is used in taking three boring 
cuts on the steel center of Micarta timing gears, 
removing a total of 0.030 inch of stock on the di- 
ameter. Then the hole is reamed with a carbide- 
tipped tool, 0.0015 inch of stock on the diameter 
being removed. While these cuts are in progress, 
tungsten-carbide tools turn and face the Micarta 
surfaces in which the gear teeth are later cut. This 
operation is illustrated in Fig. 2. 

Fig. 6 shows a multiple-spindle automatic en- 
gaged in turning and facing distributor terminal 
plates, which are molded from a black plastic ma- 


fig. 3. Tungsten-car- 
bide Tools Take Cuts 
0.09 Inch Deep in 
Roughing Ford Fly- 
wheels at a Speed of 
Approximately 250 
Surface Feet a Minute 


terial. Tungsten carbide was found to be the only 
cutting tool material that would stand up satisfac- 
torily in this operation. 

The speeds and feeds used with tungsten carbide 
and Stellite J-Metal throughout the Ford plant are 
not to be considered as the maximum obtainable in 
all instances. In most cases, other factors control 
the operation, as, for instance, the type of machine 
or the nature of other cuts that are taken at the 
same time. These points should be kept in mind in 
referring to the accompanying table which gives 
information concerning a number of operations. 

It may be pointed out that in milling cast-alu- 
minum cylinder heads, the milling cutters revolve 
at a speed of 260 revolutions per minute and re- 
move stock to a depth of 0.035 inch. In a similar 
operation on cast-aluminum valve-chamber covers, 
in which cutters of the same size and type are used, 


ig. 3. The Crank- 
shaft End of the 
Steel-forged Connect- 
ing-rods is Precision- 
bored with Tungsten- 
carbide Tools. The 
Tool Speed is 680 Rev- 
olutions per Minute 
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Fig. 4. Although Ford 
Pistons are Made of 
an Unusually Tough 
Material, They ure 
Turned and Faced at 
a Work Speed of 150 
Revolutions a Minute 


the cutters revolve at 525 revolutions a minute, and 
0.080 inch of stock is removed. 

The contact face of the cylinder head must be 
absolutely flat and free from all tool marks and 
scratches in order to resist the high compression. 
A minute tool scratch in the gasket face of a cyl- 
inder head would eventually lead to a blown-out 
gasket or leak. The valve-chamber cover is just 
what the name implies, a cover to keep dirt from 
the valve chamber of the cylinder block. A highly 
finished surface on the valve-chamber cover is, 
therefore, quite unnecessary, the heavy gasket 
making any dirt leaks impossible. Hence, the dif- 
ference in cutting speed that will be noted in the 
table is entirely due to conditions other than the 
milling cutters themselves. 

An essential point in obtaining maximum tool 
service is to keep the cutting edges in good condi- 


Fig. 6. Tungsten Car- 
Only 
Cutting Tool Material 


bide was _ the 


Found to Stand up 
Salisfactorily in Ma- 
chining Molded Plas- 
tic Distributor Ter- 
minal Plates 


tion, and this is particularly important with the 
newer cutting materials. In the Ford plant, every 
machine operator and job setter is forbidden to 
resharpen a tool cutting edge. As the cutting edges 
become dull, the tools must be returned to the tool- 
crib and resharpened by men who have been espe- 
cially trained for this work. All tools are sharp- 
ened in grinding rooms which serve several de- 
partments. 

The job setters constantly watch the machines 
that are under their supervision and change the 
tools as soon as they become dull, as indicated by 
glazed surfaces on the work, the nature of the 
chips, the sound of the operation, etc. In changing 
tools, the job setter must never lay them on a table 
or other part of the machine, or on a metal-cov- 
ered bench, because of the possibility of chipping 
or otherwise damaging the cutting edges. Likewise, 
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Typical Ford Operations in which Tungsten Carbide and Stellite J-Metal are Used 


Part 


Cylinder Block 


Flywheel 


“Rear Wheel 


Hub 


Brake-drum 


‘Hub and Brake-| 
drum Assembly 


Cylinder Head 


Valve-chamber 


Cover 


Valve-guide 
Bushing 


Piston 


Connecting-rod 


Material 


Cast iron 
(Refined by 
heat-treatment ) 


Cast iron 


Copper-silicon 
alloy 


Cast-iron alloy 


Aluminum 


Aluminum 


Cast iron 


Cast-steel alloy 


Steel forging 


Operation 


Rough-mill top 
Finish-mill top 
Rough-mill bottom 
Finish-mill bottom 
| Rough-mill banks 
Finish-mill banks 
| Fly-cut valve hole 
| Rough-bore 
Semi-finish-bore 
| Finish-bore 


(Crankshaft side) 
Rough-turn 
Rough-face 
Rough-bore 
Semi-finish-turn 
Finish-face 
Semi-finish-bore 
Finish-turn 
Ream 

(Clutch side) 
Rough-face 
Rough-turn 
Finish-face 
Finish-turn 


Rough-face flange 

Semi-finish-face flange 

Bore sleeve fit 

Finish-turn inside diam- 
eter of flange 

Rough-turn wheel- 
mount face 

Turn outside diameter 


Rough-turn braking 
surface 

Rough-turn O.D. 

Semi-finish braking 
surface 

Rough-face 

Groove 

Finish-turn braking 
surface 


Finish-turn 


Mill (Finish in one cut) 


Rough- and semi-finish- 
broach half-hole and 
two flat faces 

(Two broaches) 


Finish-broach 


Rough-bore piston-pin 
hole 

Finish-bore piston-pin 
hole 

Rough turn and face 
dome 

Finish turn and face 
dome 


Precision-bore crank- 


Mill (Finish in one cut)) 


Tool 


J-Metal 

J-Metal 
he. 

| J-Metal 

| J-Metal 


J-Metal 


J-Metal 


| — | 
AAAs) AAAA 


Tx. 


J-Metal 
J-Metal 


Tx. 
J-Metal 


J-Metal 


Terminal Plate 


shaft end FL. 
Bronze bushing | Bore piston-pin end vt OA 
Timing Gear Micarta rim Rough-turn O.D. and face J-Metal 
Finish-turn O.D.and face a. 
Steel hub First bore J-Metal 
Second bore 
Third bore J-Metal 
Ream 
Distributor Molded plastic | Turn and face x 


Cutting 
Speed 


Feet per minute 


ro) 
Feet per min. 


240 


267 Feet 
per minute 


671 Feet 
per minute 


1356 Feet 
per minute 


240 inches 
per minute 


per minute 


1800 


3600 


150 


Rev. per min. 


| 150 


240 inches | 


1800 pieces | 


Feed per Depth of Tool Life 
Rev., In. Gut, In. | per Grind Remarks 
| 0.500 | 0.120 16 hours 
| 0.500 | 0.015 | 100 hours ; 
1.000 | 0.120 | 6to8hrs. | 2 r-inch cutter 
| 0.693 0.015 | 10ohours | 21-inch cutter 
| 0.703 | 0.120 | 16 hours 
| 0.703 | | 100 hours 
| 0.010 | 0.007 1200 holes| Hole is 1 inch diameter 
0.107 0.022 | s5o0o0holes|} Bore to 3.015 inches 
| 0.036 | 0.016 | 1500 holes} 
9.006 | 0.007 | sooholes| Finish to 3.0617 inches 
| 
0.018 | 0.090 3hours | The flywheel has an out- 
0.015 0.090 3 hours | Side diameter of 13.20 
0.018 0.090 12 hours | inches. At a speed of 73 
0.018 0.025 3 hours | revolutions per minute, 
0.015 0.025 3 hours | the peripheral speed is 
0.018 0.025 12 hours | about 250 feet per min- 
0.018 0.013 4 hours | ute. 
0.018 0.013 4 hours 
0.019 0.120 3 hours 
0.017 0.120 3 hours 
0.010 0.030 3 hours 
0.015 0.015 3 hours 
0.025 0.060 130 pieces| These operations are 
0.013 0.015 300 pieces| performed on Bullard 
0.006 0.010 600 pieces) Mult-Au-Matics. 
0.038 0.010 300 pieces 
0.009 0.046 175 pieces 
0.009 0.060 100 pieces _ 

‘ Brinell hardness of the 
tae — “| 196 and 228. 

0.038 0.015 1100 pieces 

0.009 0.045 100 pieces} 

0.009 210 pieces| The groove is 0.50 inch 
deep by 0.300 inch 

0.013 0.015 150 pieces| Wide. 

0.009 0.020 75 pieces 

0.148 0.035 30 hours | 10-inch cutter runs at 
260 R.P.M. 

0.162 0.080 8 hours | 1o-inch cutter runs at 
§25 R.P.M. 

0.015 1,400,000 | When finished, half-hole 
pieces per | is 0.313 inch diameter 
| roughing | and straight within 
broach 0.0002 inch, Part is 

2.42 inches long. 
| 0.005 150,000 
| Hole rough bored from 
0.004 0.013 360 pieces | 0.718 to 0.746 inch. 
| 0.00r | 0.003 240 pieces | This piece has an un- 
| usually tough skin. 
| 0.010 | 0.050 96 pieces | 
| | | | 
0.010 | 0.027 | 90 pieces | 
| 4 inches | 0.007 to | 150 pieces 
| per minute| 0.009 
| 0.002 0.007 400 pieces | Tool merely _ polishes 
| after goo pieces, 
0.027 0.040 8 hours | These cuts are taken 
| 0.027 0.010 72 hours | simultaneously on mul- 
~| tiple-spindle automatics. 
0.022 0.020 6 hours | 
0.022 0.007 48 hours 
0.022 0.002 92 hours 
0.022 0.007 92 hours 
| 0.015 2hours | Turn to 3.059 inches 


outside diameter. 
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the cutting edges of tools being transported to and 
from the tool-crib must never be permitted to come 
into contact with metal surfaces. 

In the case of long tools, such as boring-bars and 
reamers, wooden boxes are provided to insure pro- 
tection to the cutting edges. Special racks and 
boxes designed to keep the tools from coming in 
contact with each other are used in transporting 
the smaller tools and in holding them in readiness 
at the machines or in the tool-crib. The job setters 
are responsible for all tools until they are returned 
to the tool-crib. If a tool breaks during use, the 
foreman of the department must sign a slip that 
gives full particulars of the occurrence. Swinging 
gages are provided on many machines to facilitate 
correct setting up of the tools. 

Great advances have been made in the methods 
of sharpening carbide-tipped tools since they were 
first introduced. Whereas hours were formerly con- 


After the Brake-drum and Rear-wheel 

Hub are Assembled, the Inside of the 

Cast-alloy Drum is Finish-turned with 

Tungsten-carbide Tools at a Speed of 
267 Feet a Minute 


sumed in sharpening some tools, the same work is 
pow being done in a few minutes. The use of dia- 
mond-charged wheels for sharpening carbide tools 
has been a development of far-reaching importance. 
These wheels enable tools to be ground to a sharper 
and smoother edge that stands up much longer in 
use. For example, tungsten-carbide milling cut- 
ters ground with the recommended abrasive wheels 
of several years ago would finish approximately 
200 cylinder blocks per grind. Today the same 
types of cutters, sharpened with diamond wheels, 
will last for 500 cylinder blocks between grinds. 

All the tools are accurately ground to templets, 
and an effort is made to so closely watch tungsten- 
carbide tools in the machines that no more than 
0.005 inch of stock need be ground off in resharpen- 
ing. In the tool conditioning department, there are 
aver 100 grinding machines. More than 3000 dif- 
ferent tools are regularly sharpened here. 


Ford Cast-alloy Crankshafts Have an 

Ultimate Tensile Strength of 130,000 

Pounds per Square Inch. Ford Special 

High-speed Steel Turns them at a Speed 
of 40 Feet a Minute 
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Selection and Care of Tool Steels 


HIRTY years ago, a few types of high-speed 

steel and the much older Mushet steel repre- 

sented the sum total of alloy mixtures used 
in tool steel. Today we have in our possession not 
less than thirty catalogues from tool steel manu- 
facturers throughout the United States, England, 
and Germany, each of which presents a multitude 
of steel mixtures containing about every alloy 
known which has proved to be of benefit as a tool 
steel ingredient. I have before me a copy of a 
magazine in which no less than one hundred and 
thirty alloy mixtures are cited, adapted to thou- 
sands of applications. 

Thirty years ago, the selection of a tool steel 
more or less suitable for a certain job was quite a 
simple matter. The variety of steels was very re- 
stricted, and the seeming excellence of the steel of 
one manufacturer over that of another represented 
judgment based upon success or failure in the use 
of such steel on a certain number of jobs or over 
an extended period. With the advent of alloys and 
the continued progress in the perfection of alloy 
steels, together with the present strides in furnace 
construction and control, it is now possible to se- 
lect a steel for certain work with advance knowl- 
edge of what the shrinkage and the hardness will 
be; and, what is of more particular interest, just 
about what production can be expected in thou- 
sands of pieces per grind. 

We believe that no single factor has contributed 
more to the ability of the steel user of today to 
exercise real judgment, based on facts, than the 


Identifying Make and Grade of Tool 
Steel Bars by Stripes of Paint and 
Numbers Stamped on End of Bar 


System [Employed in a Plant 
where, Due to the Great Va- 
riety of Materials and Pro- 


hard work of laboratory men during the last few 
years and the dissemination of definite knowledge 
of heats, quenches, drawing temperatures, and 
characteristics that may be expected if an exact 
procedure has been followed. We take off our hats 
to those firms that have been pioneers in this kind 
of work. The ability to use the facts so freely 
given will result in real cash savings, provided that 
ability is used to select steel suitable for the job. 
Even in a tool department, often engaged in pro- 
ducing only a few hundred pieces of an experi- 
mental nature, continual savings are possible by the 
use of a steel suitable for the requirements rather 
than a steel that the toolmaker knows will “come 
out all right,” regardless of the requirements. 


Importance of the Selection of the 
Right Steel for the Job 


At the plant of Cutler-Hammer, Inc., the actual 
selection of steels is made by one of several manu- 
facturing engineers, each in charge of tooling cer- 
tain types of apparatus. Because of the great 
diversity of products, there is a staff of several 
such engineers, reporting to the tool superintend- 
ent. The manufacturing engineer freely consults 
with the superintendent in regard to the current 
application of tool steel, and their combined knowl- 
edge, plus a possible past history of comparable 
product, will usually indicate an answer. Every 
effort is made to make use of new cutting steels or 
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cesses Used, a Wide Selection 
of Tool Steels Must be Kept in 
Stock and Properly Identified 


materials whenever the specifications seem to indi- 
cate that improved results may be expected. 

This selection of a certain type of steel to be used 
in a certain tool often leads to considerable dis- 
cussion. Each type of tool, drill, counterbore, cut- 
ter, chisel, riveter, blanking die, forming die, mold- 
ing die, etc., has a definite grade of steel assigned 
for its manufacture; but there are many variations 
because of the conditions surrounding the job in 
hand. These conditions vary with the materials to 
be worked with the tool; the desired life, based 
upon estimates of production; and other require- 
ments that must be considered in order to machine 
the product in the easiest and cheapest way. 

A single instance is enough to illustrate the 
point. If it is required that a single molding die 
for a few thousand pieces be produced, we would 
use a free-cutting steel, capable of being heated in 
a controlled-temperature electric furnace. If we 
are to make a multiple-cavity die for the same piece 
and for greater production, we are almost certain 
to use a steel which lends itself to the hubbing 
process, and which, because of this feature, will 
necessarily be packed, carburized, and hardened. 
Minimum distortion requirements often demand 
the use of a steel in which some other desirable 
quality must be sacrificed. Real progress has been 
made when such a compromise results in reason- 
ably satisfactory first costs and reliable perform- 
ance thereafter. 


How the Different Types of Steel are Marked 
and Permanently Identified 


With the knowledge of diversification before us 
end a possible stocking of a few dozen types and 
makes of tool steels, the care with which they are 
received, identified, stored, cut up, and handled 
throughout the entire life of each individual piece 
becomes not only of major importance, but should 
be of interest to all users of steel in a variety of 
types. A careful study of the problems involved 
suggested a solution from which has been evolved 
a system used by Cutler-Hammer, Inc. This sys- 


for Diversified 


tem is briefly described in the following para- 
graphs. 

Ten colors, in an oil-, alkali- and water-proof 
cnamel were selected, each of which, painted on 
tool steel bars, represents one manufacturer and 
one type of steel from that manufacturer. Two 
colors, one of which is the same as the above single 
color, in combination, represent another type of 
steel from the same manufacturer. All possible 
combinations are worked out and a chart covering 
all of these is prepared. Each of the ten colors is 
also numbered one to ten, and these numbers are 
combined exactly the same as are the colors. To 
illustrate: 

No. 1—Red—represents No. 1 manufacturer. 

No. 2—White—represents No. 2 manufacturer. 

No. 3—Blue—represents No. 3 manufacturer. 

Nos. 12, 13, 14, etc., represent other types of steel 
from No. 1 manufacturer. 

Nos. 23, 24, 25, etc., represent other types of steel 
from No. 2 manufacturer. 

Nos. 34, 35, 36, etc., represent other types of steel 
from No. 3 manufacturer. 

There is no repetition of either color or number 
combinations. Thus, each type of steel, of what- 
ever make, has its own combination of colors and 
a number to represent this combination. Some 
fifty types of steel may be identified by a two-color 
scheme; and by the use of a three-color, three-digit 
number scheme, the diversity of steel identification 
may be very much increased. 


Procedure in Receiving, Identifying, 
and Handling Steel 


When received in stock and identified as to type, 
size, etc., by the invoice, each bar is marked on one 
end with a deeply imbedded number by the use of a 
steel stamp, and it is further marked the entire 
length with either one or two stripes of color, in 
accordance with the classification. If proper paints 
have been selected, these colors will remain on the 
bar throughout the entire time it is in storage. The 
first cut-off from a bar is taken from the end op- 
posite that carrying the steel-stamped mark. All 
subsequent cuts are taken from the same end, so 
that the number mark will remain to the last piece. 
The color stripes cut off with each piece of steel re- 
main on the piece until removed by machining. 

One of the most exacting parts of the process is 
the care that must be taken to have the right type 
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CUTTING 


OUALITIES OF CROBALT > > > 


of steel sent to the job. When steel is delivered to 
the individual tool-room man who is to prepare 
it for use, the striped identification is carefully 
checked with the tool-room order. This order is 
the original paper from which material requisi- 
tions were prepared and states definitely the type 
of steel to be used. If the colors on the individual 
piece of steel which has been provided are correct, 
it is passed on to the tool-room man. Whenever he 
removes these colors, he immediately stamps a 
number on the piece that represents the identifying 
colors. 

When the tool arrives at the inspection bench, 
the inspector again checks the number against the 
original order. If O.K., it is sent to the heat-treat- 
ing department, which is provided with a card in- 
dex in which, under the number already mentioned, 


there is a card showing a complete analysis of 
the steel, preferred heat-treatments, and expected 
physical characteristics. Each single bit of data 
collected on that type and make of steel is noted 
on this card, and everything learned as a result of 
the use of the steel is also entered on the card. In 
so far as it is possible, therefore, this card is a 
complete record and instruction sheet for the heat- 
treatment of the steel it represents. 

Incidentally, the number stamped on the surface 
of the finished piece of tool steel will remain there 
throughout the life of the tool in the shop, and thus 
becomes of marked importance in case of repairs, 
when it may be necessary to anneal and reharden 
the tool. The great value and convenience of this 
method is readily appreciated. It eliminates guess- 
work, and permits accurate duplication of tools. 


Properties and Cutting Qualities of Crobalt 


The Cutting Alloy ‘‘Crobalt’’, Placed on the Market by 
the Michigan Tool Co., Promises to Take a Definite 
Place Among the Metal-Cutting Materials 


ROBALT, a cutting alloy that has just been 

placed on the market by the Michigan Tool 
Co., Detroit, Mich., was originally developed more 
than ten years ago, but did not come into commer- 
cial usage until about two years ago. Then it be- 
gan to be produced in limited quantities for use in 
the Detroit area, where it has rapidly found in- 
creasing application in three large plants in the 
automotive industry. In the cutting of cast iron, 
it has lowered production costs, increased cutting 
speeds and lengthened tool life. 

The relatively low cost of the material makes it 
possible to manufacture the entire cutting tool 
from Crobalt, especially in smaller and medium- 
sized tools. In larger tools, when it may be de- 
sirable to use tips held to their shanks by brazing, 
it is said to be very easy to braze—an important 
consideration, for example, in the manufacture of 
tipped milling cutters. 

Crobalt is a non-ferrous high-speed cutting al- 
loy consisting mainly of tungsten, cobalt, and 


chromium, and is noted for high cutting efficiency, 
uniformity, and long life. The alloy is melted in 
the electric furnace and cast in permanent molds at 
temperatures around 3000 degrees F. It is stated 
that its qualities are not affected by cooling after 
heating to any temperature below that of its melt- 
ing point, which is 2800 degrees F. 

Tools made from Crobalt are reported to have 
shown unusually good free-cutting qualities, and 
one large plant has applied it successfully to the 
cutting of steel, although the material was origin- 
ally developed for machining cast iron. A rather 
unusual feature noted in its application is that its 
life per grind is not affected by a wide range in 
cutting speeds or tool temperature, so that it is pos- 
sible to step up production without sacrificing tool 
life, and speeds producing red heat in the tool are 
permissible without artificial cooling. 

Cutting speeds up to three times those ordinarily 
used with high-speed steel have been found to rep- 
resent a good average in machining cast iron, the 


IO— MACHINERY, September, 1936 


: 
J 
> 
> 
a 
LS 
| 
ie 
3 
4 
& 
iy 
aad 
: 
— 
a 


CUTTING 


QUALITIES OF CROBALT 


Rough- and Finish-milling Cylinder Blocks 

with Inserted Crobalt-blade Cutters on an 

Ingersoll Machine. Actual Cutting Time 

for Two Blocks, 1 Minute 4 Seconds; 

Over-all Time, 1 Minute 15 Seconds. 

Length of Cut, 23 7/8 Inches; Depth, from 
1/16 to 1/8 Inch 


best operating speed depending, of course, upon the 
type of cast iron being cut, the character and age 
of the machine tools, ete. 

The grinding of Crobalt tools involves no special 
problems. It is recommended that, in grinding 
such tools, the wheel should not be allowed to ride 
on the tool, and in dressing wheels, they should not 
be trued too smooth with diamonds. A slightly 
coarser or possibly slightly softer wheel than or- 
dinarily used for tool grinding has frequently been 
found an advantage. 

The Michigan Tool Co. provides the metal both 
in the form of cutting tools and in bulk. In addi- 
tion to turning, forming, and facing tools, a com- 
plete line of straddle- and face-milling cutter blades 


A Lo-Swing Lathe 
which is Provided 
with Crobalt Tool- 
ing for Facing 
Bearings. The Cut- 
ting Speed is 72 


Rough- and Finish- facing and Boring a 
Gisholt 
Culling Speed, 125 Feet per Minute; Depth 
of Cut, 1/8 Inch. Over-all Time, for Both 
Roughing and Finishing, 2 Minutes 40 
with Three 
Operator 


Flywheel on a Simplimatic. 


Seconds, Machines per 


is available. Special tools are designed when re- 
quired. 

The material is not intended as a substitute for 
other cutting materials, but rather as one that oc- 
cupies a field between the high-speed steels and 
the carbide materials. For turning and boring 
operations, for instance, it is exceptionally well 
adapted to roughing and semi-finishing cuts, but is 
not recommended where it is desired to obtain an 
extremely highly polished surface, such as is ob- 
tainable with tungsten carbides. None the less, it 
has proved economical and advantageous for the 
purposes for which it is recommended, and will 
doubtless gain increasing application in the fields 
for which it is particularly suitable. 


Feet per Minute 
with a Depth of 
Cut of 1/16 Inch. 
With this Set-up, 
these Bearings are 
Faced in 29 Seconds 
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The Lfficient Application 


Fig. 1. Turning, Facing and Chamfering 
a Brass Bushing at a Culling Speed 
of 750 Feet per Minute 


UCH progress has been made in the field 
of sintered carbides (also called cemented 
carbides) during the past year. There has 
been a rapid advance on the part of the user in the 
correct application of carbides, and on the part of 
the manufacturer in the improvement of grades of 
varying toughness and hardness. Better machine 
tool equipment is also available now, so that the ut- 
most in carbide performance is possible. Improved 


Fig. 3. Milling the 
Top, Bottom, Both 
Ends 
connection Pad of 


and Water- 


a Cast-iron Cylin- 
der Block at a Cut- 
ting Speed of Over 
200 Feet a Minute 


Present Status of the Use and 

Application of Tungsten - Car- 

bide Tools, as Based on Every- 

day Shop Practice in Scores of 

Important Plants throughout the 
Country 


By FRANK W. CURTIS, Manager 
Firthite Division, Firth-Sterling Steel Co. 
McKeesport, Pa. 


grinding methods, especially aided by the diamond 
wheel, have been developed, so that the grinding of 
new, as well as the sharpening of dull, tools can be 
carried out in far less time than formerly. 

Likewise, a much wider variety of small tools 
made with carbides is available, enabling opera- 
tions to be handled successfully now that were con- 
sidered on the borderline a short time ago. Then, 
too, there is a much broader knowledge of applica- 
tion requirements, including data on the design of 
tools, cutting angles, and speeds and feeds. 

Sintered-carbide cutting tools are limited in their 
use at present to certain types of operations, but 
considering the class of work handled by the aver- 
age shop, almost 50 per cent of metal-cutting oper- 
ations come within the scope of the carbides. This 
conclusion is based upon what has actually been 
accomplished in many plants. 
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Tools 
‘ Up to the present time, such operations as drill- 
; ing, tapping, gear-cutting, and broaching have not 
t proved practicable for carbide, except in a few 
cases where such tools as core drills, drills for soft 
materials, or perhaps flat-broach inserts are used. 
This group can be contrasted with applications that 
are entirely practicable, such as turning, boring, 
milling, shaping, spot-facing, counterboring, ream- 
ing, grooving, trepanning, hollow-milling, and key- 
seating. 
The most doubtful materials-application for sin- 
tered carbides at present is the machining of steel, 
but this is rapidly becoming more and more suc- 
cessful by paying proper attention to tool size, ma- 
chine equipment, and rigidity. Materials entirely 
within the scope of sintered carbides include cast 
iron and various cast-iron alloys, semi-steel, malle- 
able iron, brass, different types of bronzes, alu- 
minum and aluminum alloys, and a very large 
range of non-metallic compositions. Fig. 2. Multiple-tool Set-up for Turning, 
use carbides correct- Facing, and Chamfering a Cast-iron 
ly still leaves much to be desired. The men should . aia : 
be trained by a supervisor who has made a thor- Stesve at 250 Foot por Mtante 
ough study of sintered carbide. Practically every- 
thing needed for the correct application of carbide 
is well known, but the problem that so often arises while on the other, the use of carbides becomes lim- 
is how to transmit this knowledge effectively, so ited, reducing the possible economic gains. 
that it will be used to advantage. Management has Successful carbide applications require four 
a responsibility in this direction. This is emphat- major considerations. The work itself should be 
ically borne out by comparing results in shops that within the scope of carbides. The machine tool to 
have a carbide engineer to follow tool application be used should be in good operating condition and 
and performance and in shops that have let appli- should be sufficiently powerful and heavy to handle 
cations take their own course. On the one hand, the operation. The fixtures or method of holding 
carbides are applied broadly with excellent results, should be of heavy-duty design, so that the work- 
Fig. 4. An Instance 
where the Culling 
Speed must be Modi- 
fied on Account of 
the Comparatively 
Frail Nature of the 
Part that is Being 
Operated on 
. 
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THE EFFICIENT APPLICATION 


> > > > 
piece will be rigidly supported and without vibra- With some equipment, certain allowances may ‘ 
tion. The tool should be of correct proportions, become necessary. For example, the ram of a bor- 
heavy in design, and above all, supported so that ing mill or vertical turret lathe may require exces- f 
. there is a minimum of overhang. If proper atten- sive overhang in machining a deep bore, in which , 
; tion is given to these four points, satisfactory re- event a reduction in the rate of metal removal will } 
sults are assured. be required, usually in the speed. Likewise, some | 
€ equipment may have slides or moving members lim- 
‘6 Speeds, Feeds, and Depths of Cuts ited in rigidity, which, again, would call for slower 
ee Recommended cutting speeds. 
For milling cutters of inserted-blade design, 
Generally speaking, carbide tools operate from feeds are selected more in relation to the depth of 
two to four times faster than high-speed steel tools. cut. With light cuts, about 1/32 inch deep, the aver- 
= No fixed rule applies, however, because such fac- age feed is approximately 0.010 inch per tooth per 
4 tors as the nature of the work to be machined, the revolution; with medium cuts, 1/8 inch deep, about 
if depth of cut, the type and condition of the machine (),008 inch per tooth; and with heavier cuts, 1/4 
EN tool, and the size of the tool itself determine how jnch deep, about 0.006 inch per tooth. 
™ fast metal can be removed. 
f Assuming that the machine to be used for a turn- The Available Grades of Carbide Tools 
%; ing operation is in good condition, that the tool is Suitable for Different Purposes 
uA of ample size and rigidly mounted with practically 
* no overhang, and that the part itself is of solid de- The selection of the correct grade of tungsten 
a sign, it will then be possible to use the cutting carbide for a given operation is of importance, but 
iz speeds shown in Chart 1, which covers materials with a knowledge of grade characteristics, the 
7 most commonly used, including soft and medium choice is easy. Sintered tungsten carbides are made 
i cast irons, malleable iron, brass, bronze, and alu- of pure tungsten carbide powder, which is mixed 
e minum. These speeds are for general machining with a binder, usually cobalt. The percentage of 
operations such as turning, boring, facing and tungsten and cobalt varies somewhat, depending 
e milling. upon the grade and hardness required. The higher 
4 The curves show that there is a direct relation the binder content, the tougher will be the ma- 
E between the speed in feet per minute and the depth terial, or vice versa. For cutting some materials, 
. of cut in inches; the deeper the cut, the slower the a tougher grade is preferable, while sometimes the 
‘4 speed, or vice versa. Since sintered carbides oper- condition of the machine tool will have an influ- 
s ate more effectively on lighter cuts, the depth of ence on the grade selections. 
cut should be kept at a minimum. This will permit In order to emphasize the grade differences in 
the use of higher speeds and will reduce the total carbides, Chart 2 has been prepared as representa- 
‘ machining time. In using older machine equipment, tive of a variety of tungsten carbides for the ma- 
5h these cutting speeds will have to be reduced some- chining of cast iron, malleable iron, non-ferrous 
what, but if attention is given to rigidity, and if materials, and non-metallics. There are seven 
over-sized tools are applied, the reduction will not grades listed, each of which has different char- 
‘ a have to be great. On the other hand, with new acteristics. This chart gives not only the charac- 
f > heavy-duty machinery and tooling, these speeds teristics of these grades, but also their general 
: i: may be increased slightly. field of application. In addition, there are remarks 
: s The cutting speeds given are for use with aver- concerning the type of equipment on which they 
‘ ie age feeds. For turning operations, the feed per are to be used and how they are applied. While 
: ak revolution can be anything up to 1/16 inch, pro- the designations and grades are based on Firth- 
: . vided the tool used is of suitable size. The feed can Sterling practice, in a general way such grades are 
: M vary considerably without any appreciable change available in other makes of carbides. 
in speed. For example, a 1/8-inch cut on cast iron The shape may vary considerably according to 
a of medium hardness can be taken at 225 feet per the grade. On the harder grades, it is preferable 
: minute, regardless of whether the feed is 1/64 or to have the carbide blanks of small or medium 
' 1/16 inch per revolution, as long as the tools are size. The shape should be somewhat uniform in 
; heavy enough. With relatively heavy cuts, how- section. If intricate shapes are required, or if the 
; ever, the speed and feed of cutting become limited sintered carbide blank has to be long and slender, 
; by the power and size of the machine. the grade should be of tougher nature. It would 
— 
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Chart 1. Cutting Speeds Suitable for Rigidly Mounted Tungsten-carbide Tools 
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: Chart 2. Application of Firthite Tungsten Carbide 
_ Series H Tools Tabulated Below are Primarily Intended for Machining Cast Iron, Malleable Iron, 
a, Mild Semi-Steel, Brass, Bronze, Aluminum and its Alloys, and Non-Metallic Materials 
‘ Grade Characteristics Application Remarks 
H Combines average’ hardness Roughing semi-finishing Works satisfactorily on aver- 
Mf and toughness. Resists abra- operations. Moderate intermit- age machine. Tools should 
4 sion. Reasonable resistance to tent cuts. Suitable for large be well supported. Overhang 
shock. Grinds freely. Can be tools, especially where heavy should be kept to minimum. 
; sharpened to keen edge. Is feeds are required. Recom- Rigidity is important. Avoid 
45 basic grade of tungsten-car- mended for average applica- vibration and chatter. 
: bide series. Hardness: 78 tion. Considered best for first 
Rockwell © trial on new operations, to 
indicate whether harder or 
softer grade is required. 
% HA | Slightly harder than Grade H. Finishing and  semi-finishing Machine should be in good 
Be | More resistant to abrasive operations. Confine to steady operating condition. Newer 
vf wear. Somewhat more dense cutting. Best grade for non- equipment preferable. Avoid 
in and slightly more brittle. More metallic materials. Preferred excessive overhang. Use light 
4 care required in sharpening. for close-grained cast irons. feeds, fast speeds. Ample rig- 
y Hardness: 79 Rockwell C Recommended for automatic idity very important. 
m4 | machines and milling cutter 
zt | blades on light cuts. Suited 
‘ | for wear-resistant parts. 
| 
HB | Slightly tougher than Grade H, Heavy cutting operations. Will Can be used with older ma- 
; | but harder than would be ex- stand impact on average inter- chines. Moderate overhang 
‘ pected with degree of tough- mittent cuts. Suitable for permissible, but should’ be 
7 ness. Resists abrasive wear. tools subject to tough service, kept to minimum. Rigid mount- 
4 | Grinds readily to keen edge. shaped tools, counterbores, ing will improve performance. 
oy Hardness: 75 Rockwell C spot-facers, and skiving tools. 
r | Will stand reasonable abuse. 
5 HC Toughest of all tungsten car- Heavy roughing cuts. Large Exceptional toughness permits 
bide grades. Xxceptionally skiving tools. Easily fabricat- use on older equipment. Tools 
*, strong. Grinds rapidly without ed into involved shapes. Sharp can have limited overhang 
Gi danger of heat checking. Easily edged tools. Aluminum piston when _ absolutely’ essential. 
ve sharpens to keen edge. Suited grooving tools. Woodworking Solid, rigid mounting will im- 
‘ to wide variety of shapes, in- tools. Large boring mill tools. prove performance. 
if cluding slender blanks. Brazes Heavy intermittent cuts. Tools 
well. Hardness: 73 Rockwell C subjected to shock and impact. 
: HD Highly resistant to abrasion Moderate roughing cuts. Fin- Limited to modern machines. 
with but slight sacrifice in ishing tools. Inserted-blade Avoid overhang. Use _ light 
és | toughness. Holds keen cutting milling cutters. Cuts on light, feeds, fast speeds. Have every- 
- | edge. Sharpens readily. Hard- fragile parts. Automatic ma- thing solid and rigid. Avoid 
4 ness: 78 Rockwell C chine set-ups where cut is vibration. 
light. 
3 HE Exceptionally hard. Inclined Limited to small tools of sim- Limited to up-to-date equip- 
to be brittle. Resists abrasive plified shape. Steady cuts. ment. Requires solid, rigid sup- 
é wear well. Requires careful Automatic machine _ set-ups. port. Correctly designed tools 
ve grinding. Hardness: 79 Rock- Precision boring tools. Blanks important. Freedom from vi- 
well C should be of constant cross- bration essential. Use high 
section. speeds, light feeds. 
“ HF Hardest of all tungsten grades. Limited to small tools of sim- Limited to use on new ma- 
Me : Exceptionally dense. Unusual plified shape. Steady, light chinery. Rigidity of utmost 
af resistance to abrasion. Must cuts. Light automatic machine importance. Minimum _ over- 
be ground with care. Hard- tools. Will not stand intermit- hang essential. Tools must be 
: ness: 80 Rockwell C tent cuts or shock. Precision properly proportioned. Vibra- 
i boring. tion very detrimental. Use 
high speeds, light feeds. 
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TUNGSTEN-CARBIDE TOOLS 


be impracticable to attempt to make a long, slenderiron is of medium hardness, the cutting speed is 


blank from the hardest grade listed, because the 
harder the material, the less the strength. 


Typical Operations Performed with 
Tungsten-Carbide Tools 


Several representative sintered carbide opera- 
tions are illustrated to indicate the variety of work 
that can be machined, the types of tools used, and 
the speeds used for cutting. Fig. 1 shows a set- 
up for turning, facing, and chamfering a brass 
bushing in a Fay automatic lathe. This part is 
2 1/2 inches in diameter. The speed used for 
turning is 750 feet per minute, and the depth of 
cut, 1/16 inch. The speed is slightly higher than 
that shown in Chart 1, but on yellow brass there 
is more latitude than on harder materials. Then, 
too, the turning tools are very well supported. 

The use of carbides on work of this kind assures 
accuracy and extreme smoothness throughout the 
entire tool life. All tools used are tipped with one 
of the hardest grades of carbide, because the cuts 
are comparatively light, the tools of simplified de- 
sign, and the entire set-up rigid. The tool life 
is from 1500 to 2000 pieces per grind, after which 
the tools require very little dressing. 

Fig. 2 shows a multiple-tool set-up for turning, 
facing, and chamfering a cast-iron sleeve in a 
Carbo lathe. The cast iron is stringy and medium 
hard, and is machined at 250 feet per minute, re- 
moving approximately 3/32 inch. The feed for 
turning is 1/64 inch per revolution; for facing 
with the tools on the rear slide, 0.005 inch per 
revolution. A medium hard grade of sintered car- 
bide is preferable. The cut is of a steady nature, 
and the tools are not subjected to shock. 

Milling with a carbide-tipped inserted-blade cut- 
ter is illustrated in Fig. 3. The operation includes 
the finishing of the top, bottom, both ends, and the 
water-connection pad of a small cast-iron cylinder 
block in a Cincinnati Hydromatic milling machine. 
In this set-up, production was not the governing 
factor. Smooth finish, with no distortion was 
wanted; therefore, the cutters were run at a nor- 
mal speed, but a slower feed (about half normal) 
was applied, so that a mirror-like surface would 
be produced. Considering that this is obtained in 
one cut, as against the usual roughing and finish- 
ing cuts, the over-all gain is quite substantial. 

Two progressive type fixtures, mounted on a 
heavy-duty index base, are used, the cylinders being 
moved from one to the other, so that one complete 
piece is finished at each cycle of 6 minutes. The 


slightly more than 200 feet per minute, and the 
depth of cut, 5/32 inch. The feed is 0.006 inch 
per tooth per revolution. 

The machining of surfaces that require inter- 
mittent cuts is often discussed. Intermittent cut- 
ting with sintered-carbide tools is entirely prac- 
ticable, but it is necessary that the tool be rigidly 
supported and that its size be large enough to over- 
come deflection. An operation of this kind, how- 
ever, will not stand excessive speeds, but that is 
true for any type of cutting tool. With high-speed 
steel, the speed for a heavy intermittent cut in 
medium hard cast iron would be approximately 
40 feet per minute. With carbide tools, the cor- 
responding speed would be about 130 feet per 
minute. The percentage of increase in speed over 
former tools is quite comparable to other opera- 
tions. For an operation of this kind, it is neces- 
sary to use a grade of sintered carbide that com- 
bines great toughness with fair hardness. 

Another operation that requires the use of modi- 
fied speeds is illustrated in Fig. 4. Here the op- 
eration is turning, facing, and reaming a 51-inch 
diameter cast-iron gear having a 3 1/2-inch face, 
in a King boring mill. The material is hard cast 
iron, requiring the removal of approximately 
3/16 inch of stock. The roughing cuts are taken 
at 125 feet per minute, with a feed of 1/16 inch 
per revolution. Another factor that limits the 
speed of this operation is the frail nature of the 
part itself. If the cut were taken at too high a 
speed, there would be a tendency to distort the 
part. With high-speed steel tools, the roughing 
cuts were taken at from 30 to 40 feet per minute. 
With tungsten-carbide tools, the finishing cuts on 
the diameter and faces are taken at 225 feet per 
minute. The depth is 1/32 inch, and the feed 
1/16 inch per revolution. From 12 to 15 hours of 
tool life is obtained, using a comparatively hard 
grade of carbide. 

From the foregoing, it is evident that carbides 
are profitable on a wide variety of work under 
varied conditions. It may be added that the larger 
the cut, the greater the need for a larger tool. 
Lack of strength has been the cause of more fail- 
ures than any other factor, and the sooner there 
is a full appreciation of rigidity, the better will be 
the results. Carbides are made with great care 
and are surprisingly uniform, so that if some dam- 
age or failure occurs to a carbide tool, there usu- 
ally is a definite cause other than the carbide itself. 
Nine times out of ten, heavier tools, properly 
mounted, are the solution. 
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Investment 


LL over the country there are shops with 
A hundreds of thousands or millions of dol- 
lars invested in machine tools on which 
the owners expect a moderate return—for, after 
all, it is the profit incentive that prompts people 
to invest money in machinery. Once the money is 
invested and the machinery installed, it is neces- 
sary that those responsible for results see to it that 
it is used to the best advantage in producing goods 
at reasonable cost. 

Pressure is brought to bear on the purchaser of 
machine tools to install only the most highly de- 
veloped machines. He has found that even though 
the price is higher, such machine tools are a good 
investment. He has also found that it pays to 
equip these machine tools with the best cutting 
tools, whether they be ordinary lathe and planer 
tools or countersinks, counterbores, milling cutters, 
or drills. Good tools come high, but that does not 
deter him from buying the very best quality ob- 
tainable. He knows that the machines will not do 
their best without good cutting tools. 

Now in the process of manufacture, these tools 
become dull. No one has yet discovered a cutting 
tool that will keep its edge forever, and so cutting 
tools must be sharpened; otherwise there will be 
no production. 


The Works Manager Objects to Buying 
Non-Productive Machines 


At this phase in the manufacturing process, the 
investor is informed that he must have machines 
for sharpening these expensive little cutting tools 
if they are to serve their purpose in producing 
goods that may be sold at a profit. It is at this 
stage that one meets with a peculiar psychological 
reaction. The man with the money says that he has 
spent everything available for production tools and 
there is nothing left in the appropriation for non- 
productive machines. It seems like a waste of 
money to invest in machines that produce nothing 
but, on the other hand, require labor that goes 
on the payroll as unproductive and simply adds to 
the overhead. 

“Surely,” he says, “these tools can be ground 
all right on the old machines that we remodeled 
for that purpose. Later on when we make a real 
profit, we will think about new tool grinders, but 
not now. We are too busy on production anyhow.” 


In Hundreds of Plants, High- 
Grade Machine Tool Equipment 
and Cutting Tools Would Give 
Better Results if Proper Tool- 
Sharpening Machines were Used 


No, this is not overdrawn. Exactly this kind of 
reasoning is met with in many plants; and yet, if 
there ever was a production tool that might be 
rated as a super-tool, it is the much neglected and 
misunderstood tool grinder, whether it be a drill 
grinder, a universal tool and cutter grinder, a face- 
mill grinder, or any other type of tool-grinding 
machine. 


What is the Most Prolific Source of 
Tool Failures ? 


Ask any drill manufacturer to tell you the rea- 
son for most drill failures, and he will answer: 
“Faulty grinding.” Ask any cutter manufacturer 
the cause of cutter failures—the answer is the 
same. Ask any superintendent to guarantee a 
given production per day; and, assuming that he 
has the machine tools, he will say: “I can do it 
with the proper tools, properly ground.” 

After all, does it not look as if the cutter-grind- 
ing machine occupied a rather important position 
in the manufacturing program? That being the 
case, should it not occupy a more important posi- 
tion when machine buying is being considered? 
Many cases can be cited where properly ground 
drills can be used at a feed from 10 to 50 per cent 
greater than that previously used, and where mill- 
ing cutters correctly ground produce from two to 
four times as many pieces per grind; in addition, 
there is the longer life of the cutter itself. On the 
side of advantages should also be mentioned greater 
accuracy of the finished product, improved finish, 
reduction of hand work and fitting, and a reduced 
scrap pile. Surely, the machine that will accom- 
plish this is worth some consideration. 

Now suppose that the arguments have borne 
fruit and that modern cutter-grinding equipment 
has been installed. The next thing is to see that 
it is intelligently operated, so that the tools are 
ground to the proper angles and to the required 
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Good Dividends 


By 
E. C. OLIVER 
President, Oliver Instrument Co. 
Adrian, Mich. 


accuracy. In all cutting tool design—whether it 
be cutters, drills, or lathe tools—top rake, side 
rake, and chip clearance are carefully considered. 
After the tools have been dulled in service, they 
should be as carefully and accurately ground as 
when new. Successful sharpening of tools, there- 
fore, depends upon the ability to determine the 
proper clearance for maximum production and 
tool life, and a system of records whereby tools 
that have been successfully ground can be repro- 
duced. 

In small shops, this may be the responsibility 
of the superintendent; in larger shops, it may be 
that of the tool-room foreman; and in very large 
plants, it may require the full time of an able en- 
gineer. This man must have sufficient knowledge 
and training to organize the grinding department. 
He must have the authority to originate new meth- 
ods and to see that they are carried out. He must 
understand the principles of grinding and not be 
bound by old traditions. 

In some shops, there is a tendency to permit the 
men to grind their own tools. This is a mistake. 
If it is not advisable to permit the men in the pro- 
duction department to depart from the methods 
laid down by the engineers, there is no more rea- 
son to permit everyone to incorporate his own 
ideas in tool grinding. Certainly, suggestions 
should be cheerfully received and tried out, but 
they should be adopted only if it is found that the 
new ideas have advantages over present methods. 


In Most Shops, There is a Great Opportunity 
to Improve Tool Grinding Methods 


There is greater opportunity for improvement 
in tool-grinding methods than there is in produc- 
tion methods, inasmuch as the latter have had the 
careful study of engineers for years, while the tool- 
grinding department has been almost forgotten. 
Take a trip through a few tool-grinding depart- 


ments and note the condition of the grinders. 
Many of them have been stripped of their parts, 
makeshift adapters have been added, and the re- 
sultant machine is used for a special job with ques- 
tionable results. Other machines are so old that 
they lack the rigidity, accuracy, and adaptability 
required in modern practice. 

Here is a job for a real cutting tool engineer. 
He must be able to analyze the requirements by 
classifying the cutters of various types, determine 
upon the number of tools to be ground each day, 
and decide upon the type of equipment that he 
requires to do this work. By systematizing the 
work and by providing the proper equipment, the 
number of actual grinding machines, as well as 
the number of operators, may be reduced. Inci- 
dentally, standards of grinding will be adopted that 
will have a marked influence on production. 

The man in charge of the grinding, especially in 
a large plant, must not only know the principles 
ef tool-grinding, but should also be thoroughly 
posted on all the machines that are made for the 
purpose, so that once a machine is installed, he will 
understand both its possibilities and limitations. 
There are so many different types of tool and cut- 
ter grinders available today that, unless a thorough 
study is made of the subject, it is impossible to 
determine what type of machines best meet the 
requirements in each individual case; but it is cer- 
tain that such a study can be made to pay hand- 
some dividends. 


Rotary slitting shears present a good example of 
the thought that must be given to selecting the 
right kind of steel. There is little about the shape 
of these slitting shears that prevents the use of any 
steel, but they warp or dish in hardening, so that 
an oil-hardening steel is preferred to keep them 
flat or straight. Slitting shears are therefore made 
of some grade of oil-hardening steel, depending on 
the service. For slitting thin gage material in large 
quantities, a wear-resisting steel is preferred. For 
many ordinary purposes, a medium grade of oil- 
hardening steel will serve, but experience shows 
that a steel with the greatest toughness is the 
safest. This steel will not chip on the edge, a com- 
mon fault in slitting shears. 
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Fig. 1. Structure of Bar A as 
Rolled, 2000 Magnification 


Fig. 3. Structure of Bar A, An- 
nealed, 600 Magnification 
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Steel is Sometimes Classed as 
“Good” or “Bad” Simply Be- 
cause of ‘‘Intangible’’ Differences 
Due to Variations in the Tem- 
peratures of Forging or Rolling. 
This Article Endeavors to Show 
that Such Variation, I:ven when 
Moderate, May Have a Notice- 
able Effect on the Hardening 


grain size and hardening characteristics of 

carbon steel appears in present-day literature 
at frequent intervals. How to control grain size, 
therefore, is now more or less common knowledge, 
as are the facts that inherently fine-grained steels 
have a tendency to be tougher and to deform less 
in the hardening operation than coarse-grained 
steels. It has furthermore been noted that the 
amount of reduction applied to the ingot in the 
forging or rolling has a noticeable effect on the 
so-called “coarsening” temperature of the steel. A 
considerable amount of additional information on 
this subject may be available in the laboratories of 
various steel-makers which has not yet been pub- 
lished. Thus, we are not aware of any published 
reports on the effect on the hardening character- 
istics of steel caused by variations in the forging 
and rolling temperatures. 

Fig. 1 shows the “‘as-rolled”’ structure of a 1-inch 
round bar A, which, in every operation, from the 
forging of the ingot to the last rolling of the bar, 
was worked at lower temperatures than a similar 
bar B, the structure of which is shown in Fig. 2. 
The two bars were made from adjacent parts of 
the same ingot, and were passed through the fin- 
ishing rolls at the same temperatures, so that the 
rolled surface of both bars showed a thin, red and 
shiny mill scale. After annealing in a production 
furnace at 1380 degrees F., the two bars showed 
no significant difference in structure, as evidenced 
by Figs. 3 and 4. The difference in hardness was 
in all instances negligible. Hot acid etch showed 
sound steel, free from any defects, on tests from 
both ends of each bar. 


ie FORMATION on the characteristic austenite 
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May Reveal Unexpected 


Characteristics and Performance 
of Tools, though Micro-structure 
and Routine Laboratory Tests 
Fail to Register Significant 
Differences 


By C. A. LIEDHOLM 


Metallurgical I-ngineer 
Jessop Steel Co., Washington, Pa. 


Judging from ordinary laboratory tests, one 
would thus feel inclined to consider one bar the 
identical twin of the other. However, a more 
thorough investigation, which included perform- 
ance tests, revealed that although the difference in 
the working temperatures failed to register in the 
routine laboratory tests, it exerted a definite influ- 
ence on the hardening characteristics of the steel, 
as well as on the performance of tools made from it. 

The analysis of the test bars was as follows: 
Carbon, 0.96; manganese, 0.33; silicon, 0.26; sul- 
phur, 0.015; phosphorus, 0.016; chromium, 0.04; 
and nickel, 0.06 per cent. 

The working data for bar A was as follows: 
Ingot worked at 1800 degrees F.; billet worked at 
1750 degrees F.; bar worked at 1620 degrees F. 

The working data for bar B was as follows: 
Ingot worked at 2050 degrees F.; billet worked at 
1950 degrees F.; bar worked at 1950 degrees F. 
The temperatures given are those of withdrawal 
for forging or rolling. 

Sixteen “hardenability” test pieces, eight in the 
“as-rolled” condition and eight annealed, were ma- 
chined from each bar to a dimension of 0.750 inch 
in diameter by 3 inches in length. Four test pieces 
from each group were given a normalizing treat- 
ment consisting of an oil quench at 1600 degrees F., 
after soaking for 45 minutes at the given tem- 
perature. 

Each bar was thus represented in four different 
conditions, namely, ‘as-rolled,’’ normalized, an- 
nealed, and annealed and normalized. Each con- 
dition was represented by four test pieces, of which 
one was hardened at each of the following tem- 
peratures: 1450, 1500, 1550, and 1600 degrees F. 


Fig. 2. Structure of Bar B as 
Rolled, 2000 Magnification 


Fig. 4. Structure of Bar B, An- 
nealed, 600 Magnification 
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Figure 7 


62 — MACHINERY, September, 1936 


Ket 
4 
© 
+ 
1550 
Figure 5 
a 
: 
4 
f 
4 
4 
4 
4 
| 
| 
4 
| 


MAY 


REVEAL 


UNEXPECTED FACTS 


Fig. 5. Etched Specimens Showing Pene- 
tration of Hardened Case. Approximately 
3/4 Size. Fig. 6. Graphs Showing Varia- 
tion in Hardness According to Depth 
below Surface, Unannealed Series. Fig. 7. 
Graphs Showing Variation in Hardness 
According to Depth below Surface, An- 
nealed Series. Fig. 8 Graphs Showing 
Variation in Hardness of Core with 
Hardening Temperature 


The samples were held at the hardening tempera- 
ture for 45 minutes and quenched in cold, running 
water. The test pieces, after being quenched, were 
cut in half, and were polished and etched to show 
the penetration of the hardened case. Fig. 5 shows 
the etched surfaces. 

Rockwell tests for hardness were taken along 
two radii on each test piece at intervals of about 
1/8 inch. The distances between the surface and 
the Rockwell impression were determined with the 
aid of dividers to an accuracy of approximately 
0.004 inch. The variation in hardness at different 
depths below the surface is shown graphically by 
the diagrams Figs. 6 and 7, and the core hardness, 
as represented by the center of each test piece, is 
plotted against quenching temperature in Fig. 8. 

It is apparent from the diagrams and Fig. 5 that 
the bar which was rolled at the higher tempera- 
tures exhibited a more shallow hardening behavior 
than the other bar. Bar B retained a core with a 
hardness below C 50 Rockwell up to and including 
1550 degrees F. quench, in all instances except in 
the annealed and normalized condition, while bar A 
only in the normalized condition had a core hard- 
ness below C 50 at a hardening temperature as low 
as 1500 degrees F. 

Since, evidently, some notable differences in 
hardenability characteristics had been imparted to 
the steel through differences in the working tem- 
peratures, it was considered desirable to make per- 
formance tests on tools made from the two different 
bars. Unfortunately, the material left over from 
the laboratory tests sufficed for only a few tools 
from each bar. The application in which the com- 
parison was made was that of a cold-heading punch 
for slotted brass screw blanks, which was con- 
sidered a difficult operation, 29,000 pieces per punch 
being regarded as a very good production. 

The results of the tests were that tools from 
bar A gave a maximum production of 20,700 pieces 
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Figure 8 


and an average production of 16,250 pieces, while 
the corresponding figures for tools from bar B were 
40,000 and 26,788, respectively. (The average for 
B was pulled down by one punch which broke after 
a production of 10,764 pieces.) 

For the sake of completeness, it is felt that some 
information should be included regarding the char- 
acteristic austenite grain size of the steel. The 
McQuaid-Ehn test gave a grain size No. 4 for 
bar B, and No. 5 for bar A. Coarsening for four 
hours at 1850 degrees F. gave a grain size for bar 
B from No. 1 to 3, and for bar A 30 per cent No. 5, 
70 per cent No. 2 to 3. 

The fractures of the hardening tests were not 
graded, because fracture standards were not avail- 
able at the time of testing; but by comparison, it 
was found that in all instances, the samples or- 
iginating from bar B had a finer fracture than the 
corresponding samples from bar A. From the pre- 
ceding paragraph it is, however, apparent that at 
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some temperature beyond 1600 degrees F., samples 
from bar B developed a coarser grain than those 
from bar A. A steel which was not inherently fine- 
grained was chosen for the investigation for the 
reason that one would expect such a steel to be 
most readily influenced by a variation in the fac- 
tors under investigation. 

The investigation leads to the conclusion that 
variations in working temperatures, even within 
limits too narrow to lead to tangible differences in 


lame Machining by the 


HEN the modern engineer discusses the art 

of cutting metals, he is bound to consider a 
comparatively new method of metal cutting—the 
oxy-acetylene flame. Engineers generally are fa- 
miliar with the ordinary methods of cutting sec- 
tions from sheets and plate by the cutting torch. 
The great volume of oxy-acetylene cutting is done 
on the thinner sections; heavier sections, however, 
are also being successfully cut, but more experience 
and greater care is required in handling work of 
that kind. 

A great deal has been published in the past on 
the various precautions necessary in cutting metals 
by this method—the need for properly estimating 
the acetylene and oxygen requirements; the part 
played by regulators, especially in the case of heavy 
cutting; the preparation of the work by under-cut- 
ting, etc. Several years ago, the Air Reduction 
Sales Co., prepared tables specifying gas pressures, 
cutting speed, gas consumption, gas costs, etc., for 
cutting different thicknesses of steel from 1/4 inch 
up to 18 inches. There is, however, one branch of 
the flame metal cutting art that is not so well 
known to engineers as its 
importance warrants. 
This is the process that 
may be termed “flame ma- 
chining.” 

The oxy-acetylene pro- 
cess has always been ex- 
panding. Flame machin- 
ing, as compared with 
plate flame cutting, is a 
comparatively new devel- 
opment. It includes such 
operations as rivet cut- 
ting; deep gouging or de- 
seaming on ingots, blooms. 
billets and slabs; removing 
checks in steel castings; 


Figure 1 


micro-structure, hardness, or macro-structure—the 
most common laboratory tests—may have quite a 
noticeable influence on the hardenability of the 
steel and may be responsible for all the difference 
between “bad” steel and “‘good”’ steel. 

The hardenability tests were useful to the extent 
of indicating that one might reasonably have ex- 
pected better tools to be yielded by bar B than by 
bar A, but a final decision could only be rendered 
by practical performance tests. 


Oxy-. fylene | [ethod 


deseaming checks in flanges of I-beams; scarfing 
of ship plates; preparing welding grooves in steel 
plates, etc. All of these operations suggest the use 
of this process as a substitute for a machine tool 
for cutting metal. 

The accompanying illustrations show two ex- 
amples of a high grade of flame machining. In 
Fig. 1 is shown a coarse-pitch screw which has 
been flame machined in a lathe. The cut is smooth 
and uniform in cross-section. Fig. 2 shows another 
example of flame machining in a lathe. Here there 
are a number of different operations performed 
with the same torch and tip. It is of interest to 
note that the same tool in this case served for fac- 
ing, cutting off, turning down, and cutting screw 
threads of different pitches. In considering the 
amount of metal removed, the cost of the gases re- 
quired, compared with the power cost in regular 
machine tool practice, is very small. 

In all cases, the flame machining process leaves 
a bright and uniformly smooth finish. For sub- 
sequent welding or machining work, the surface 
is highly satisfactory. Metal may be removed at 
the rate of from 3 to 4 
pounds a minute with 
average cutting equip- 
ment. The oxygen con- 
sumption per pound of 
metal removed is about 5 
cubic feet. When this cut- 
ting operation replaces 
grinding, as, for example, 
in the washing of excess 
metal from steel castings 
after risers have been cut 
off, the operation is usuai- 
ly from seven to eight 
times as rapid as it would 
be if the grinding process 
were employed. 


Figure 2 
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Engineering News Flashes 


“Solid Gasoline” Used for Trucks 


A fully loaded five-ton truck recently traveled 
from Leicestershire, England, to London, using 
what is known in England as “solid petrol,” made 
from coal. Solid petrol, we are told by Industrial 
Britain, has the appearance of small cinders, the 
average piece being about as big as a thimble. Coal 
of low value is used in its preparation. Irish peat 
has also been carbonized into this solid fuel. It is 
said that the saving in fuel cost at prevailing prices 
for gasoline in Great Britain is about 60 per cent. 
Fuel can be carried for trips of 100 to 180 miles. 


Recording the Finish of 
Polished Steel 


A machine known as the profilograph, developed 
in the laboratories of the University of Michigan, 
makes it possible to accurately measure and photo- 
graph the degree of finish of metals. The accom- 
panying illustration shows a machine, the third of 
its kind in the world, which is now part of the 
equipment of the new chemical and metallurgical 
laboratory of the Ford Motor Co. 

A fine diamond point, a tiny high-quality mirror 
mounted on a hinge of metal 0.0005 inch thick, and 
a magnifying system of reflecting mirrors, are the 
essentials of this sensitive device, which per- 
manently records irregularities of finished sur- 
faces. The irregularities may be magnified 1700 
times in the vertical direction and 64 times in the 
horizontal direction. 


In the illustration, the pencil points to the tiny 
mirror. Below the mirror is the diamond point and 
beneath that a Ford V-8 piston-pin. As the speci- 
men moves under the diamond point, minute ir- 
regularities cause the mirror to bob up and down. 
A beam of light focussed on the mirror from a cyl- 
indrical lantern at the right is reflected to the sys- 
tem of mirrors, and finally to a photographic nega- 
tive on a revolving drum. The path of the diamond 
point over 1/8 inch of the specimen is recorded on 
the negative as a line 8 inches long, while vertical 
irregularities, wholly invisible to the naked eye, 
magnified 1700 times look like the images of moun- 
tain ranges. 


Instrument for Measuring the 
Volume of Sound 


A new sound meter which will give a quantita- 
tive measure of noise, independent of the personal 
element, and at the same time will give results com- 
parable with the sensations experienced by the ear, 
has been announced by the General Electric Co., 
Schenectady, N. Y. The complete instrument, in- 
cluding microphone, tripod, calibrating unit, and 
batteries, is contained in a compact metal case ap- 
proximately 16 by 10 by 8 inches. The case, com- 
plete with instruments, weighs 39 pounds. The 
capacity of the instrument is such as to include 
noises ranging all the way from sounds in a quiet 


country home to those intense enough to be pain- 
ful to the ear. 


The Profilograph, an 
Instrument for Accu- 
rately Measuring and 
Photographing the De- 
gree of Finish of Metals, 
as Installed in the New 
Laboratories of the Ford 
Motor Co. A Ford V-8 
Piston-pin is Shown 
being Inspected 
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Starrett V-Block and Clamp 


EVERAL features of a No. 567 

V-block and clamp recently 
brought out by the L. S. Starrett 
Co., Athol, Mass., adapt them to a 
wide use in both production opera- 
tions and inspection work. The 
sides of the hardened steel block 
are ground parallel, and the V- 
grooves are ground both central 
and parallel to the sides and bottom 
of the block. 

The forged clamp for holding 
cylindrical stock in the V-grooves 
has an adjustable support that 
keeps the block from tilting when 


resting on its side. On one end the 
block has a low extension that is 
provided with a V-groove and slots 
at right angles to the base for hold- 
ing shoulder studs, round pins, etc., 
by means of the clamp, during light 
milling, drilling, and grinding op- 
erations. Hole clearance is provided 
for drilling and removing dowel- 
pins. Tapped holes permit attaching 
the block to a faceplate or angle- 
plate. The block is approximately 
1 7/8 inches square by 3 5/8 inches 
long, and has a capacity of 1 5/16 
inches. 


Creco Adjustable Angle-Plate 


N adjustable angle-plate de- 

signed for a wide variety of 
applications on planers, milling ma- 
chines, shapers, drilling machines, 
and lay-out tables is a recent de- 
velopment of the Crescent Engi- 
neering Co., 1205-07 E. 25th St., 
Baltimore, Md. This angle-plate can 
be swiveled through 45 degrees, and 
securely locked in any setting. Ac- 
curate settings are facilitated 
through a scale graduated in de- 
grees, provided on one of the inter- 
locking supports. 


For applications where extreme 
accuracy is required, a 10-inch sine 
bar can be supplied. This sine bar 
is attached to the plate. The T-slot 
which extends across the face of 
the angle-plate is machined to re- 
ceive 5/8-inch bolts. 

The slotted face of the angle- 
plate measures 12 by 12 inches, 
while the base is 12 inches long by 
9 inches wide. The weight is ap- 
proximately 75 pounds. All non- 
working surfaces of the angle-plate 
are finished in gray enamel. 


Frew Up-Milling Attachment 


N attachment designed for con- 
verting any conventional type 
of milling machine into a hand mil- 
ler for such work as cutting Wood- 
ruff keyways and other operations 
requiring a short vertical move- 
ment of the work relative to the 
cutter has recently been developed 
by the Frew Machine Co., 132 W. 
Venango St., Philadelphia, Pa. The 
attachment consists of an angle- 
base equipped with a vertical slide 
which is moved up and down 
through a mechanism actuated by 
means of a long handle. The handle 
revolves a pinion in engagement 
with a rack attached to the back of 
the vertical slide. 


At the top of the vertical slide is 
a horizontal table provided with 
T-slots for attaching a vise or work- 
holding fixture, as illustrated. The 
up and down movements of the 
vertical slide are controlled by 
a hardened plug that projects from 
the front of the angle-base and en- 
gages a slot in the slide. The height 
of this plug from the bottom of the 
angle-base is adjustable by means 
of hardened screws. The vertical 
slide operates in scraped ways on 
the angle-base and is equipped with 
an adjustable gib to take up wear. 
It is intended that the bottom of 
the angle-base be bolted to the reg- 
ular table of the milling machine. 


q 
~ 
\ 
‘ | 
— \ 
a | 
| 
j 
| 
— 
i > 
— 4 
{ 
| i wee, 
é 
| 
| 
| 


Small Tools and Accessories 


Landis Ten-Inch Pipe Die-Head 


10-INCH size has been added 
to the line of stationary pipe 
die-heads made by the Landis Ma- 
chine Co., Inc., Waynesboro, Pa. 
The new size is made in two models, 
one of which is intended for stan- 
dard pipe threads, while the other 
is a heavier head intended for use 
in the oil industry. Pipe threads 
from 4 to 10 inches can be cut by 
the standard die-head, and tubes 
from 4 1/2 to 10 3/4 inches outside 
diameter by the heavier model. 
These die-heads are operated 
manually, and are locked when 


closed. They have a universal ad- 
justment for size. The heavier 
model is fitted with chaser-holders 
that can be adjusted independently 
in relation to the center for equal 
distribution of the cut. This die- 
head can be fitted with chasers 
3 11/16 inches wide for thread 
lengths up to 3 5/16 inches or with 
chasers 4 3/8 inches wide for 
thread lengths up to 4 3/16 inches. 
The standard die-head is equipped 
with chasers 2 3/4 inches wide 
which cut to all standard lengths 
within the range of the die-head. 


Federal Dial Indicator of Great Precision 


NEW type of dial indicator 

has been brought out by the 
Federal Products Corporation, 1144 
Eddy St., Providence, R. I., espe- 
cially for use in shops where very 
high precision is required. These 
indicators are of a full-jewelled, 
low-friction type. By reducing the 
operating resistance to a minimum, 
their accuracy has been increased. 
The action is extremely light and 
free, enabling the indicator point to 
follow the surface variations accu- 
rately and quickly. They also exert 


a more uniform and constant pres- 
sure—an important element in ob- 
taining accurate inspection. 
Through this combination of sen- 
sitivity and constant light pressure, 
out-of-roundness and other irregu- 
larities are more quickly detected. 
There is less needle flicker, be- 
cause the indicator point does not 
“bounce”; hence it works very satis- 
factorily on irregular work, such as 
hexagon shafts, and permits the in- 
spector to rotate the work faster 
and yet obtain an accurate reading. 


Ettco-Emrick Tapping Attachment 


HIGH-SPEED tapping attach- 

ment with a sensitive friction 
clutch drive in which the power is 
regulated by pressure on the lever 
of the drilling machine has been 
brought out by the Ettco Tool Co., 
594 Johnson Ave., Brooklyn, N. Y. 
This tapping attachment is so de- 
signed that if the tap sticks or 
“bottoms,” the clutch will slip. The 
automatic reverse speed is 1 3/4 
times the tapping speed. An impor- 
tant feature of this attachment is 
that the tap idles in the right-hand 
direction while being advanced to 
the work, and is therefore turning 
in the tapping direction when it 
comes in contact with the work. 


This feature permits faster tapping 


’ and is claimed to about double the 


life of the cutting edges of the taps. 

The main spindles have ball bear- 
ings. Needle bearings are used in 
the idler gears. All gears are heli- 
cal. The clutch consists of three 
segments of leather driving a cast- 
iron cone. This attachment is made 
in two sizes for taps ranging from 
1/8 up to 1/2 inch. They complete 
a range of seven sizes for taps up 
to 1 inch. A simple oiling system, 
requiring two holes to be oiled 
daily, effectively lubricates the 
larger attachment, while the smaller 
one is kept filled with light oil to 
the center of the sight glass. 
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Multi-Seal Mechanical 
Rivet 


N_all-steel mechanical rivet 
which can be inserted and ex- 
panded from one side of the work 
has been brought out by the Multi- 
Seal Mfg. Co., 123 N. Jefferson St., 
Chicago, IIll., for use on sheet metal, 
steel structures, plates, boiler 
seams, metal castings, pipes, and 
machinery. The rivet is simply in- 
serted and a nut on the outer end 
turned down to form a steel head 
on the inside. These rivets are 
made in sizes to fit holes from 1/4 
to 1 inch in diameter. 


Chipping Hammer with Lifetime’’ 
Valve- Block 


VALVE-BLOCK that is guar- 
anteed to last the life of the 
tool is a feature of a pneumatic 
chipping hammer being placed on 
the market by the Master Tool Di- 
vision of the Eastern Cutter Sal- 
vage Corporation, 30-32 Littleton 
Ave., Newark, N. J. Another fea- 
ture of this hammer is that the cyl- 
inder is chromium-plated to make 
it retain its standard size for an 
unusually long period of time. The 
main valve is replaced without 
charge throughout the tool life. 
These provisions are said to prac- 
tically eliminate maintenance cost 
in the use of this chipping hammer. 
Few parts is another advantage. 
The valve-block is of a simple de- 
sign that is claimed to give unusual 


power for the amount of air con- 
sumed. The full area of the air 
port opens instantly, giving speed 
and smoothness of operation. The 
handle of the hammer is locked by 
a spring in such a way that it can- 
not work loose. The reducing or 
air-inlet bushing is fitted into a 
liner rather than directly into the 
handle, thus eliminating wear on 
the handle itself. 

Although the hammer has suffi- 
cient power for chipping steel bil- 
lets, its control is so effective that 
it can also be advantageously ap- 
plied in calking and other fine chip- 
ping operations. It is cushioned 
against recoil during use. At the 
present time it is being manufac- 
tured in strokes of 2 and 3 inches. 


Gisholt Thread-Chasing Attachment 


THREAD-CHASING attach- 

ment applicable to the Nos. 3, 
4, and 5 ram type universal turret 
lathes manufactured by the Gisholt 
Machine Co., 1209 E. Washington 
Ave., Madison, Wis., has recently 
been announced. This attachment 
is intended for use in cutting fine 
threads with die-heads or taps, or 
other threads that must be very ac- 
curate as to lead. The attachment 
is especially suitable for threading 
such metals as stainless steel and 
copper, which have a tendency to 
tear or gall, as well as aluminum 
and other soft metals. The attach- 
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ment leads the die or tap on the 
work at a uniform rate, governed 
by a section of a lead-screw, and 
thus the thread is entirely free 
from any drag of the turret or ram. 

The attachment is of the leader 
and follower type. The leaders can 
also be used with the universal 
carriage thread-chasing attachment, 
and they are available with either 
standard milled threads or special 
ground threads. A collar that is 
adjustable for the entire length of 
the turret travel serves as a thread- 
ing feed trip. It releases a single- 
tooth positive clutch which drives 
the leader shaft. The followers re- 
main in engagement with the leader 
when tripping across, and the travel 
of the turret is stopped, but the die- 
head moves forward on its thread 
to trip itself. The accuracy of this 
trip permits threading close to 
shoulders. 

One leader will cut three threads 
having one, two, or four times its 
pitch. From four to thirty-two 
threads per inch can be cut. The 
gear-box that drives the shaft on 
which the leader is mounted per- 
mits the use of coarse-pitch leaders 
and followers in cutting fine-pitch 
threads. For example, to cut 24 


threads per inch without the gear- 
box, a leader for 12 threads per 
inch is required, whereas with the 
gear-box, a leader for 6 threads per 
inch may be used. The gear-box 
reduces the number of leaders re- 
quired for a wide variety of threads. 
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Purolator Filter with Positive 
Self-Cleansing Feature 


N industrial filter that is said 

to be made self-cleansing by a 
method so positive that the accumu- 
lation of sediment is not permitted 
to start in coolants has recently 
been announced by Motor Improve- 
ments, Inc., 365 Frelinghuysen Ave., 
Newark, N. J. Because of the fea- 
ture mentioned, this Purolator is 
particularly recommended for use 
on grinding jobs when a mirror-like 
finish is required. 

The filtering element is submerged 
in the coolant reservoir. A motor- 
driven impeller type of pump inside 
of the filtering element draws the 
coolant through interstices of the 
filtering element and up through 
the pump housing to the work. As 
the coolant passes through the 


Larger Sized Procunier 
Tapping Head 


HE Procunier Safety Chuck 

Co., 16 S. Clinton St., Chicago, 
Ill., has brought out a No. 2 Style E 
high-speed precision tapping attach- 
ment to supplement the No. 1 size 
described in May MACHINERY, page 
628. Collets are furnished with this 
head for taps from No. 7 to 1/2- 
inch standard. 

This larger sized tapping head 
incorporates a “Tru-Grip” tap-hold- 
er designed for larger capacity than 
that of the previous model. The col- 
lets are ground on the outside 
diameter, and the tap-holder body 
is ground internally for accuracy. 
The largest diameter of the tap- 
holder is only 1 inch, which permits 
tapping close to shoulders with the 
maximum view of the work. The 
weight of the tap-holder, including 
a collet and chuck spindle, is only 
6 1/2 ounces. The unusual lightness 
reduces the flywheel effect of the 
tap-holder to a minimum. The chuck 
and chuck spindle are made in one 
piece for accuracy and long life. 

The reversing mechanism of this 
tapping attachment is of the plan- 
etary type, heat-treated gears be- 
ing provided. A double-cone, cork- 
faced friction clutch provides a 
powerful, yet sensitive friction 


drive in both the forward and re- 
verse directions. With this arrange- 
ment, bottom tapping can be accom- 
plished just as easily as through 
tapping. 


housing, it strikes against vanes 
that revolve the filtering element. 
Also, a part of the coolant stream 
is diverted and forced under pres- 
sure into a vertical tube attached 
to the pump housing. This tube has 
a narrow slot extending its full 
length. The filtered coolant rushes 
from the slot and through the in- 
terstices in a reverse direction to 
the flow induced by the pump. The 
filtering slots opposite this stream 
are thus cleansed of all sediment. 

The impeller pump runs at a 
speed of 3450 revolutions per min- 
ute, while the filtering element op- 
erates at a speed of 150 revolutions 
per minute. This Purolator is avail- 
able in two sizes with capacities of 
18 and 30 gallons per minute. 


Jarvis Ground Rotary Files 
y 


IGH-SPEED rotary files that 

are ground from solid stock 
are now manufactured by the 
Charles L. Jarvis Co., Gildersleeve, 
Conn., in twenty-four standard 
shapes, which are kept in stock, and 
in many other special shapes that 
may be required. A variety of typi- 
cal shapes are shown in the accom- 
panying illustration. 

In manufacturing these rotary 
files, blanks are first formed out of 
high-speed steel and then hardened. 
After the hardening operation, the 
file shanks are ground between cen- 


ters by means of special tools, 
which are necessary because the file 
head and shank are made in one 
piece. After the shanks have been 
ground concentrically with the 
head, the flutes or teeth are ground 
on the head to provide sharp edges 
that take milling cuts. 

It is claimed that this method 
of manufacture provides unusually 
keen edges, eliminates burning of 
the edges, and gives increased file 
life. All standard files in this line 
measure 2 1/2 inches over-all 
length. 
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Ames Shockless Dial Gage 


N indicating dial gage designed 
to withstand repeated blows at 
the end of the spindle and general 
rough treatment without losing its 
original setting and smooth action 
has been brought out by the B. C. 
Ames Co., Waltham, Mass. New 
features incorporated in this gage 
include shock absorbing wheel as- 
sembly; elimination of screw point; 
solid steel back; bezel secured by 
split ring to permit quick removal; 
short spindle with coarse rack; cup- 
shaped dial and straight-line indi- 
cating hand; and removable case 
stem and spindle. 
Most of the dirt, oil, and foreign 
substance that enters a gage and 


causes trouble works up through 
the case stem. Should this trouble 
occur with the improved gage, the 
case stem and spindle can be quick- 
ly removed, cleaned, and replaced 
without disturbing any parts inside 
the indicator case. The gage is 
made in four models with dials 
reading to 0.001, 0.0005 and 0.0001 
inch. It is also made to read to 
0.01 and 0.001 millimeter. 

All of these models are made 
with jewel bearings or plain bear- 
ings. In the jeweled gages, all staff 
pivots, including those of the center 
pinion, are jeweled with genuine 
sapphires, larger and thicker than 
those ordinarily used for dial gages. 


Staset Self-Cooling Diamond Setting 


ARALLEL grooves cut in the 

hexagonal body of a diamond 
setting or nib patented by the 
Staset Co., 68 Franklin Ave., West 
Orange, N. J., provide a large 
amount of surface for cooling by 
liquid or air. These grooves are 
proportioned to retain coolant by 
capillary attraction, so that if the 
flow of coolant should be _ inter- 
rupted, a sufficient amount will be 


retained in the grooves to protect 
the setting from overheating for a 
reasonable length of time. The 
trade name “Rib-Nib” has been 
adopted for this product. 

When coolant is not used in 
dressing a grinding wheel, the air 
drawn through the fins of the dia- 
mond setting by the fast revolving 
grinding wheel rapidly dissipates 
the heat of the setting. 


Gerstner Tool Chest 
x il HE improved tool chest here inch scale, and there is sufficient 
- illustrated has been placed on space for a complete set of tools 


the market by H. Gerstner & Sons, and instruments for the machinist, 


256 Columbia St., Dayton, Ohio. 
This tool chest has ten drawers of 
various lengths and inside depths. 
The upright center drawer is of 
sufficient size to take MACHINERY’S 
HANDBOOK or a drill block. The long 
drawers will accommodate a 24- 


toolmaker, patternmaker, or other 
skilled mechanic. The tool chest is 
finished both in art leather cover- 
ing and polished quartered oak. The 
construction and convenient ar- 
rangement of the drawers is shown 
by the illustration. 


Flynn Boring-Bar Set 


SET of boring-bars for all 

classes of small boring -has 
been brought out by the Flynn Mfg. 
Co., 489 Bates St., Detroit, Mich. 
It consists of four hardened bars, 
1/4, 5/16, 3/8, and 1/2 inch in di- 
ameter, the two smaller sizes being 
5 inches long and the two larger 
sizes 6 and 6 1/2 inches long. The 
bars are packed in a small leather- 
ette case with extra high-speed 
steel bits. The three larger bars 
are of the double-end type with 45- 


and 90-degree bits, while the 1/4- 
inch bar is of the single-end type 
with a 45-degree bit. 

The 90-degree bits and the 45- 
degree bit in the 1/2-inch bar are 
held with set-screws. The 45-degree 
bits in the three smaller bars are 
held with tapered wedges. Any pres- 
sure on the cutting ends of the bits 
held by the wedges has a tendency 
to tighten them in their holders. 
The bits are easily released by 
driving them forward. 
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Ettco-Emrick Multiple-Spindle Tapping Heads 


ULTIPLE-SPINDLE tapping 
M heads which can be made up 
to order from stock parts within 
forty-eight hours are being placed 
on the market by the Ettco Tool 
Co., 594 Johnson Ave., Brooklyn, 
N. Y. A friction-driven tapper with 
a faceplate for bolting to the gear- 
case is furnished. A ball-bearing 
faceplate, with Morse shank, can be 
furnished to permit using gear- 
cases for drilling. Work can be 
first drilled and then tapped by 
changing faceplates, but using the 
same gear-case. 

The shortest distance between 
spindles for which stock gears are 


available is 3/4 inch, and the short- 
est possible center distance is 9/16 
inch, The standard faceplate driv- 
ing unit is made in four sizes. The 
smallest size with the case geared 
1 to 1 has a capacity for driving 
two No. 8 or four No. 3 taps in soft 
metal. When the gear ratio is 2 
to 1, the capacity is for two No. 10 
or four No. 6 taps. The largest size 
has a capacity for driving three 
5/16- or six 1/4-inch taps with the 
case geared in a ratio of 1 to 1. 
With a gear ratio of 2 to 1, the 
capacity of the largest size is for 
three 3/8-inch or eight 1/4-inch 
taps. 


Weldon Fast-Cutting End-Mill 


N end-mill recently placed on 

the market by the Weldon Tool 

Co., 8321 Frankfort Ave., Cleveland, 
Ohio, is claimed to embody 
several features that per- 


chips are more positively ejected 
and the clogging of chips avoided. 
It is stated that in tests con- 


ducted in various shops, a 5/8-inch 
diameter end-mill of this type has 
been fed as fast as 14 inches a min- 
ute through oil-hardening tool 
steel, taking a horizontal cut to a 

depth of 1/8 inch. The end- 

mill ran at 360 R.P.M. On 


mit it to be fed into the 
work at unusually fast 
speeds. The cutting end of 
this tool is deeply cupped, 
and the spaces between the 
flutes are made unusually 
wide and of such form that 


the same material and un- 
der identical conditions, the 
regular Weldon end-mill cut 
at only a speed of 5 1/2 
inches a minute, although 
that tool is designed for 
fast cutting too. 


Parker-Kalon Research 
Laboratory 


The importance that research 
plays in the mechanical industries 
today is exceptionally well illus- 
trated by the extensive laboratory 
maintained by the Parker-Kalon 
Corporation, New York. Recently 
the company had a formal opening 
of the laboratory to which visitors 
were invited and at which the test- 
ing equipment and other facilities 
employed in safeguarding the qual- 
ity and precision of the company’s 
screw products were demonstrated. 

The laboratory is one of the most 
complete metallurgical and testing 
laboratories in the mechanical field, 
and is most unusual in a screw 
products plant. The equipment in- 
cludes precision comparators of the 
latest design, machines for the 
physical testing of materials, hard- 
ness testing equipment, special 


heat-treating furnaces, and a varied 
line of machine tools of the preci- 
sion type. 


Silencing Air Compressors 
by a New Device 


Hard-driven air compressors are 
likely to make a good deal of noise. 
The Staynew Filter Corporation, 
25 Leighton Ave., Rochester, N. Y., 
has placed on the market what is 
known as the “Protectomotor Si- 
lencer-Filter.” This device, as the 
name implies, filters the air pass- 
ing to the compressor and also 
muffles the thumping noise. 

The device is constructed along 
the lines of other Protectomotor 
filters, with circular-fin construc- 
tion combined with a dry Feltex 
filtering medium. The circular-fin 
construction has proved very satis- 
factory for pulsating intake. The 
air is drawn into the unit through 
a series of cylindrical rectifying 
chambers welded air-tight to a sup- 
porting base. It is then distributed 
at a much lower velocity to the “‘in- 
sert” where it is filtered. This sud- 
den lowering of the air velocity 
prevents the ear-splitting thump. 


General Electric Business 
Training Course 


Fifty-five colleges and univer- 
sities all over the country are rep- 
resented by the 100 young men who 
have been selected by the General 
Electric Co. to enter the company’s 
business training course this year. 
Since 1919, when this course was 
started, 911 graduates of 142 col- 
leges have been enrolled in it. Of 
these, 570 are still with the Gen- 
eral Electric or its affiliated com- 
panies, many now holding respon- 
sible positions. The young men are 
chosen for outstanding qualities in 
personality, leadership, and intel- 
ligence. About half of those now 
starting the class, for example, are 
Phi Beta Kappa men, or its equiv- 
alent, all of the group standing out 
as men of more than usual ability. 

The young men go to Schenec- 
tady or Bridgeport to take this 
course. The subjects covered range 
from accounting to industrial an- 
alysis and control. 
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EDITORIAL 


In these days when large business enterprises 
have been singled out as special targets for taxa- 
tion and legislative action, it may be well to con- 
sider to what extent this critical attitude toward 
big business enterprises is justified. 

The electrical industry is essentially a big-busi- 
ness industry. The research that has been neces- 
sary in this field, and that has made possible the 
unparalleled development in the electrical industry 
during the last fifty years, could never have been 
carried out by small concerns. It had to be done 
by big enterprises that could afford to maintain 
extensive laboratories. 

Electric power cannot be produced in small quan- 
tities as economically as in large volume. Does 
anyone imagine that 
we would have all 
the conveniences that 
the electric current 
brings to our homes, 
if in every large city 
this current were produced by a dozen or more 
medium-sized companies rather than by one large 
concern serving the entire city? 

The fact that there is an automobile for every 
other family in the United States is due wholly to 
big business. Small business enterprises could 
never have produced automobiles cheaply enough 
to permit of their universal use. 

Everyone familiar with modern manufacturing 
methods knows that practically everything can be 
made and sold cheaper if manufactured in reason- 
ably large quantities. Industrial businesses have 
had a greater opportunity to grow large in America 
than anywhere else because of the tremendous mar- 
ket that this country offers—a market unhampered 
by tariffs and trade restrictions within our borders. 
As these businesses have grown in size, they have 
been able to produce more cheaply, to offer better 
goods at lower prices, and yet pay higher wages 
than they otherwise would have been able to do. 

Practically all the large businesses of today were 
small businesses once. Ford began in a very small 
way; the General Electric, the Westinghouse, and 
the Allis-Chalmers companies had very modest be- 
ginnings; the companies that make up the General 
Motors Corporation started in a small way, as did 
those of the Chrysler business—they simply grew 
because they had something to offer that the public 
wanted, at a price that the public could afford to 
pay. There were no sinister influences in the growth 


Shall We Kill the 
Goose that Lays the 
Golden Egg? 
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of these big businesses—no monopolies; they grew 
simply because the public approved of their prod- 
ucts, bought them, and liked them. 

In gaining this wide distribution for their prod- 
ucts, they have also 
used the efficient 
tool of advertising. 
Advertising has 
provided a means 
by which they have 
been able to tell prospective customers, thousands 
of miles away, what they have to offer; and 
through this wide distribution, aided by advertis- 
ing, they have been able to still further increase 
their production and thereby improve quality or 
lower prices—frequently both. 

It is difficult to see why there should be any ob- 
jection to a business simply because it is large. In 
all businesses, there may be objectionable practices, 
but they are not confined to big businesses alone. 
Unfortunately, they are just as often found in 
small businesses—perhaps oftener. If the Amer- 
ican people support legislation that is aimed espe- 
cially at big business enterprises, they are very 
much in a position of attempting to “kill the goose 
that lays the golden egg.” 


Big Enterprises Have 
Almost Always Sprung 
from Small Beginnings 


Costly breakdowns of machine equipment are 
often due to the lack of some safety provision in 
the design—an overload clutch, a shear pin, or a 
similar device that 
will act or break be- 
fore the machine it- 
self is damaged. All 
mechanical equip- 
ment should have a 
“safety fuse,” the same as an electric circuit. Cost- 
ly repairs and lost days of interrupted production 
could often be avoided by the simple provision of 
a shear pin that could be replaced at practically 
no cost in a few moments. When the design per- 
mits the use of an overload clutch, this device is 
still more convenient. In the old days of belt-driven 
machines, the belt provided to some extent for over- 
loads by slipping; but in machines having a posi- 
tive drive, some provision for taking care of over- 
loads should be incorporated. A machine lacking 
such a provision is hardly complete in its design, 
for it constantly invites difficulties. 


Repairing a Machine 
Costs More than a 
Shear Pin 
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Ingenious Mechanical Movements 


Mechanisms Selected by Experienced Machine Designers 
as Typical Examples Applicable in the Construction of 
Automatic Machines and Other Devices 


Hand Control for Reciprocating Slide 
By J. E. FENNO 


To facilitate setting up one type of wire crimp- 
ing machine, the reciprocating slide that feeds the 
wire stock to the machine is equipped with a hand- 
lever which, when shifted, not only stops the move- 
ment of the slide at any point in its stroke, but in- 
stantly returns the slide to its starting position. 
The unique arrangement for obtaining this result 
is shown in the accompanying illustration. 

The feed-slide is indicated at A. It operates in 
the dovetail guide B, which is cast integral with 
the machine base. This slide receives its motion 
from the oscillating lever C through arm D, con- 


nected to the slide by stud M. Both arm D and 
lever C are fulcrumed on the shaft E. A bearing F 
on the machine casing supports one end of this 
shaft, and the other end is supported in another 
bearing (not shown) at the right. On the hub of 
hand-lever G, pinned to the end of the shaft, is cast 
a lug J, located between two pins H in the casing. 
With this arrangement, the angular movement of 
lever G is limited to about 80 degrees. 

There is a cam slot in the body of shaft EF which 
is engaged by a pin K in the hub of arm D. Also, 
in the hub of this arm is a spring-actuated plunger 
L, which locks the arm to lever C, causing these 
members to oscillate together. 

However, if the operator wishes to stop the slide 
at, say, the center of its stroke toward the right 
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Hand-lever Control Mechanism for Stopping Reciprocating Slide at Any Point in its Stroke 
and Returning it to the Starting Position 
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and cause it to return to its starting position at 
the left, the hand-lever G, which at this time is in 
a vertical position, is swung toward the left until 
it coincides with the center line N. As this lever 
is shifted, shaft E turns with it, causing the cam 
slot to carry pin K with arm D toward the left 
(see right-hand view) until plunger L is entirely 
disengaged from lever C. At this point, coil spring 
O carries the slide back to its starting position at 
the left. Arm D remains connected to the slide, 
as pin M is long enough to compensate for the 
axial movement of the arm. 

Now, if the operator wishes to start the slide 
again, the hand-lever is shifted back to its vertical 
position. This causes the cam groove to force arm 
D back into the position shown. Plunger L is held 
flush with the arm hub by the segment Q on lever 
C until the bushing and plunger are in alignment. 
The plunger then enters the bushing and locks the 
arm and lever, causing the slide to reciprocate. 

It is important to note that the section of the cam 
groove engaging the pin K when the lever is in its 
vertical position, is at right angles to the axis of 
the shaft. This is essential, since at this time, the 
pin oscillates in the groove, and a helical path, how- 
ever slight, would impart an undesirable axial 
movement to the arm for each cycle of lever C. 


Mechanism that Doubles the Oscillations 
Imparted to a Shaft by a Slide 


By F. E. JUDSON 


The fingers of a bag-closing machine are con- 
trolled by an oscillating shaft having a variable 
motion. The motion is imparted to the oscillating 
shaft from a feed-slide which reciprocates at a 
constant velocity. In the accompanying illustration 
is shown the mechanism for transmitting the vari- 
able oscillating motion to the shaft D from slide A. 
During each cycle of slide A, shaft D passes 
through two oscillating cycles. For the first cycle, 
assuming that point R of link E is at P and that 
slide A is traveling downward, shaft D will oscil- 
late rapidly through an angle of 190 degrees and 
return, at the same velocity, to its starting posi- 
tion. In the next cycle, the direction of rotation of 
shaft D is reversed, after which it oscillates slowly 
through an angle of 60 degrees and then returns at 
the same velocity to its starting position. These 
oscillations are repeated alternately with no inter- 
mediate dwells. 

The feed-slide A operates in the guides B, cast 
integral with the machine frame C. This slide 
transmits the required motion to shaft D through 
the link E, segment gears 
F and G, and the link H. 


Link EF connects the slide 
with gear F and is pivoted 
to these members by 
shoulder-screws. Gear F is 
free to turn on a stud se- 
cured in link dH, and 
D meshes with the gear G, 


keyed to the driven shaft 
D. Link H is free to turn 
at the upper end on the 
driven shaft D. 


i 


4 


On the under side of 
gear F is fastened a cres- 
cent-shaped plate J, which 
serves to guide this gear 
in its proper path along 
the contour of cam K, se- 
cured to the machine 


frame. Block L, containing 
the spring-actuated pin M, 
merely acts as a bumper 
to limit the downward 
movement of gear F and 
to absorb the shock of re- 
versal at the low point. 

In the position indi- 
cated, the slide is at the 
bottom of its stroke. As it 
—~ moves upward, the upper 
screw in link FE will be 


Mechanism for Doubling and Varying Oscillations Imparted to Shaft D 


by the Reciprocating Slide A 
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moved to point P. At the 
same time, gear F' will be 
rotated through an angle 
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of approximately 90 degrees; the lower point of 
cam K being in contact with the plate J holds link 
H stationary. This partial rotation of gear F' causes 
gear G and shaft D to rotate 190 degrees in a clock- 
wise direction. At the end of the 90-degree move- 
ment of gear F,, the curved surface N on plate J 
coincides with the surface O on cam K, so that 
further rotation of gear F relative to link H is 
prevented. However, as surface O is concentric 
with the center of the upper end of link H and of 
gear G, continued upward movement of the slide 
to the end of its stroke will cause both gears and 
link H to swing upward as one member until the 
upper pivot screw in link E is at point Q. At the 
beginning of the latter movement, gear G and shaft 
D will have reversed their direction of rotation and 
their angular velocity will be reduced. 

As the slide reverses its movement and returns, 
the slow angular movement of shaft D is also re- 
versed. Shaft D then rotates slowly until the cyl- 
indrical part of gear F' engages block L. At this 
point, link H is held stationary and gear F' rotates 
about the lower point of cam K. In doing so, gear 
F rotates gear G rapidly in a counter-clockwise di- 
rection, causing shaft D to reverse its movement 
and continue to rotate, but at a rapid rate, until 
the slide has reached the bottom of its stroke. In- 
cidentally, a slight clearance should be provided be- 
tween the adjacent surfaces of members K and J 
at this point in the slide cycle. 

Obviously, the velocity of shaft D when the slide 
is approaching and leaving the bottom of its stroke 
is the same; and likewise, the velocity of the shaft 
when the slide is approaching and leaving the top 
of its stroke is also the same. Consequently, the 
alternate variation in the point of reversal of shaft 
D occurs at both ends of the stroke of the slide. By 
modifying the gear diameters and the stroke of the 
slide, various angular movements and velocities of 
shaft D can be obtained. 


Lever and Spring Arrangement for Variably 
Increasing Tension on Slide 


By L. KASPER 


In developing a wire-forming machine, it was 
necessary to provide means for gradually increas- 
ing the spring tension opposing the movement of 
a certain slide up to a given point in the cycle and 
then suddenly increasing the tension. The mech- 
anism designed to accomplish the required varia- 
tion in tension is shown in Figs. 1 and 2, the nor- 
mal position of the mechanism being indicated in 
Fig. 1. 

The slide A, fitted with roller B and cross-bar C, 
travels in a stationary part of the machine. Two 


studs D in the stationary part act as fulcrums for 
the levers E. Levers E carry the rods F, which 
pass through clearance holes in the cross-bar C. 


Fiq.e 


Figs. | and 2. Spring and Lever Arrangement for 
Increasing the Tension Opposing Upward 
Movement of Slide A 


Springs H on rods F react downward against 
cross-bar C and upward against the rods F, thus 
holding levers EF against the pins G, and the slide A 
against the pin J. In this position, springs H are 
only lightly compressed. 

As slide A is raised, springs H are compressed 
by the movement of cross-bar C, the levers EF being 
immovable, due to their contact with pins G. The 
tension on slide A is thus increased gradually until 
roller B comes in contact with the inner ends of 
levers E, causing the outer ends to move in the 
reverse direction. This results in suddenly increas- 
ing the speed at which the springs are being com- 
pressed, which, in turn, causes a rapid increase in 
tension on the slide. 


The American Institute of Mining and Metallur- 
gical Engineers has assembled a most instructive 
exhibition of ores, metals, and typical fabricated 
metal products which will be on display until Oc- 
tober 17 at the Metal Products Exhibits in the 
International Building at Rockefeller Center, New 
York City. The exhibit is open every weekday from 
10 A.M. to 6 P.M., except Saturday, when the clos- 
ing hour is 3 P.M. Admission is free. 
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Fig. |. One of Two Huge Cincinnati Horizontal Hydro Broaching Machines Recently Built for 
Finishing the Top and Bottom Surfaces of Packard Cylinder Blocks 


Packard Adopts Broaching for 
Finishing Cylinder Blocks 


WO surface broaching machines of a pioneer 

design were recently exhibited by the Cincin- 

nati Milling Machine Co., Cincinnati, Ohio. 
These machines were built to order for the Packard 
Motor Car Co., Detroit, Mich., and have since been 
installed. They are said to be the largest broach- 
ing machines thus far built. 

One of the machines broaches the pan rail or bot- 
tom face of cylinder blocks, and also the bearing 
cap seats. The other machine broaches the top or 
cylinder head surface. Both machines are designed 


to handle cylinder blocks that differ only in length 
and number of cylinders. Both are equipped with 
a fixture that will accommodate whichever block 
happens to come along the conveyor line without 
the necessity for any change or any attention on 
the part of the operator. 

Neither of these operations has been performed 
before by surface broaching, except experimen- 
tally. The production obtainable per machine is be- 
tween fifty and fifty-five cylinder blocks an hour. 

After extensive experiments made by the Cincin- 
nati Milling Machine Co., the broaching 
tools were made of the inserted-blade 


type. They remove metal to a depth of 
approximately 3/16 inch, within un- 
usually close tolerances for accuracy 
and flatness of surface and to a high 
degree of finish. Tungsten-carbide fin- 
ishing tools are a feature of the 
broaches. 

As will be apparent from the illustra- 
tions, the broach rams move horizontal- 
ly, the plane of the broaches being ver- 
tical. Fig. 2 shows a close-up view of 


Fig. 2. View of the Fixture and Broaches 

on the Machine that Finishes the Pan Rail 

and Bearing Cap Seats, the Fixture being 
in the Down or Loading Position 
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Fig. 3. View of the Fixture and Broach 

on the Machine that Finishes the Top Sur- 

face of the Cylinder Blocks, the Fixture 
being in the Up or Broaching Position 


the fixture and broaching tools on the 
machine used for finishing the pan rail 
and bearing cap seats. Each cylinder 
block is slid from the conveyor into the 
machine fixture, where it is positioned 
against five foundry locating spots, and 
clamped. The operator then throws a 
lever to actuate a hydraulic mechanism 
which swivels the work-holding fixture 
upward through 90 degrees into the po- 
sition shown in Fig. 3, thus bringing 


the work into the broaching position. 

Upon the completion of the broaching 
stroke, the fixture is returned to its original posi- 
tion. The operator then utilizes the time consumed 
in the return of the ram for sliding the finished 
cylinder block out of the fixture and loading a new 
block. Fig. 3 shows the equipment used for broach- 
ing the top surface of cylinder blocks. The action 
of the fixture, however, is identical with that of 
the one on the other machine. 

It is expected that the cost for labor and tools 
will be much less with this method than by the 
methods previously employed, and that the total 
cost, including interest on the investment, power, 
maintenance, and similar items will also be a great 
deal less. 


Important Merger in the Synthetic 
Plastic Field 


The merging of the Unyte Corporation, New 
York City, with the Plaskon Co., Inc., Toledo, 
Ohio, recently announced, makes the new company, 
known as the Plaskon Co., Inc., the 


was developed by research work at the Mellon 
Institute, for the Toledo Scale Co. Its commercial 
manufacture was started in 1930. In addition to 
its large use for smaller articles, it has opened up 
new fields for plastic materials in very large units 
for industrial purposes, such as housings for weigh- 
ing scales, etc. A complete article on Plaskon, its 
characteristics and uses, appeared in November, 
1935, MACHINERY. 


Special Steadyrest Bridge for 
Grinding Deep Holes 


For grinding deep holes in parts such as the oil 
extractor plug shown in the accompanying illus- 
tration, a special steadyrest bridge with T-slots for 
the truing diamond bracket has been developed for 
use on the Heald No. 72A internal grinding ma- 
chine. By removing the special bridge, regular 
work can be ground without changing the set-up of 
the standard truing diamond. 


world’s largest producer of urea formal- 
dehyde resins. The officers will be those 
of the Plaskon company—James L. 
Rodgers, Jr., president; Horton Spitzer 
and R. B. Harrison, vice-presidents; 
C. O. Marshall, secretary; and W. R. 
Feldtmann, treasurer. This is the first 
consolidation in the plastics industry 
for many years. The offices of the 
merged businesses will be in Toledo, 
Ohio. For the present, Unyte products 
will continue to be manufactured and 
sold under the name that is now used. 
The synthetic plastic material Plaskon 


Heald Grinding Machine Equipped with 
Special Steadyrest Bridge for Grinding 
Deep Holes 
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Open Letter the Managers 
Small Shops 


In the Present Article, Written in the Form of a Letter, Clement J. 

Freund, Dean of the College of Engineering, University of Detroit, 

Shows How the Young Engineering Graduate can be Made to Fit 
into the Management of the Smaller Industrial Shops 


My dear Sir: 


The big corporations get a great deal of pub- 
licity, but much of the world’s work is still done in 
the small shops. I imagine that you are an aver- 
age small shop owner; that you built up your own 
business from nothing; that you are a graduate of 
the well-known University of Hard Knocks; and 
that you are a good mechanic who can still do most 
jobs faster and better than any man in your shop. 

Now, running a small shop is no snap. Events 
of the last ten or twenty years have not helped you 
much. You are vaguely worried; you can feel new 
and unfamiliar trends getting into your business, 
but you cannot define or measure them. For in- 
stance, there is this thing called research. 

It seems to me that a young college graduate in 
your shop and office may be the answer to many 
of your problems. I know that in past years the 
college graduate was considered to be either a 
theorist, a bookworm, or a fraternity playboy who 
went in for parties and drink. 

But the last four or five years have made a great 
difference. The best type of college student today 
is preparing for work—not to get out of work— 
and is in dead earnest about it. And the modern 
college of engineering is much closer to the world 
of everyday work than the college of thirty years 
ago. Your big competitor thinks college boys are 
a good investment; he hires a dozen every year. 

Of course, not every college graduate will do. 
You must have the right man. Go to the college 
yourself and pick him out. Get the college officials 
to help you—all colleges have placement officers 
whose business it is to get the right boy into the 
right job, and they will be glad to see you. Tell 
them what you want the boy to do and ask them 
to find the boy who will fit into the situation. Talk 
to the boy yourself; take him back to the shop with 
you and show him what kind of work you are doing. 

You will want a boy who is a good, all-around 
student, not a narrow specialist. You want one 
who is interested in your line—mechanical, metal- 
lurgical, or electrical, whatever it may be. He 
should have an attractive personality, should be 
the friendly kind who can get along with all kinds 
of people. He will have to be pliable. He should 
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be able to adjust himself to your ways of doing 
things; you don’t want a boy to tell you how to run 
your business. 

But don’t expect too much of the lad if he makes 
a good impression on you. He is not a good me- 
chanic—he can’t be. Don’t forget it took you a life- 
time to learn what you know now about your trade. 
Nor is he acquainted with the details of your line 
of work—customs, pricing, ethics (if any), and 
all that sort of thing. Again, he does not yet know 
how to handle men. He will learn, but he does have 
to learn. He must first win the respect and liking 
of your men. After that he can gradually assume 
authority as he becomes familiar with your work. 

Well, if he can’t do anything, why hire him? 
Yes, there are a number of things he can do right 
away, and they are mostly the things you hate to 
do yourself. First of all he can figure things out; 
he can complete the calculations that give you a 
headache. He can make your sketches and draw- 
ings ina hurry. More important still, he can take 
care of much of your correspondence. Tell him 
what you want to say and make him get the letters 
out, and he will do a satisfactory job. And then 
there is all the mess of office work and record keep- 
ing, the detestable tasks you do in the evening after 
the men have gone home. Make the boy do all that, 
and you will have more time to lay out the work 
for the shop, talk it over with your foreman, meet 
customers, and do other things no one else can do. 

Most important of all, make it the boy’s job right 
from the start to keep you informed of the latest 
engineering and technical developments in your 
line. He can do that very well; he has been trained 
for it. Give him time to read journals and attend 
important technical meetings. 

After he has his feet firmly on the ground, bring 
him close to you; tell him what your troubles and 
worries are and how you solve them. Graduaily 
give him more and more responsibility. After a 
few years, you will be able to take some of those 
long hunting or fishing trips you have always 
talked about. The boy will run your business for 
you—he will be a man then—and you may have to 
admit that he runs it as well as you do—or almost. 

C. J. Freund 
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NEW TRADE 


Measuring Instruments 


GEORGE SCHERR Co., 124 Lafayette 
St., New York City. Catalogue en- 
titled “Zeiss Industrial Measuring 
Instruments,” covering a complete 
line of instruments for measuring 
and gaging lengths, for checking 
angles and angular divisions, gears, 
and threads, and for the inspection 
of finish. This catalogue not only 
specifies for every instrument the 
reading accuracy, but also the work- 
ing accuracy possible with it. It is 
arranged in a direct, matter-of-fact 
form, clearly indicating the applica- 
tion of each instrument. 


Precision Grinding and Honing 

CARBORUNDUM Co., HUTTO Ma- 
CHINE DIVISION, 515 Lycaste Ave., 
Detroit, Mich. Catalogue entitled 
“Precision Grinding (Honing) for 
Production Requirements.” The cat- 
alogue describes in detail the prin- 
ciples and application of honing, re- 
quirements of honing machines, and 
the determination of proper cylinder 
finish. It also illustrates and de- 
scribes various models of cylinder 
and production precision grinders 
and honing machines. 


Air Tools 


Rotor AiR TOOL Co.,5704 Carnegie 
Ave., Cleveland, Ohio. Catalogue en- 
titled “Rotor Air Tools,” illustrating 
and listing drills, reamers, screw- 
drivers, nut-setters, wood-borers, 
grinders, buffers, sanders, wire- 
brushing tools, and accessories. The 
catalogue gives especial emphasis to 
the air drill and grinder lines, indi- 
cating the various construction fea- 
tures and applications. 


Chucks and Collets 


McCrosky TooL CORPORATION, 
1340-70 Main St., Meadville, Pa. Bul- 
letin 15-D, illustrating and describ- 
ing Wizard quick-change chucks and 
collets of different types, including 
friction-drive tapping collets, stud- 
setting collets, and safety tap hold- 
ers, together with instructions for 
removing and replacing the collar of 
Wizard chucks, for adjusting the 
friction, etc. 


LITERATURE 


Recent Publications on 


Machine Shop Equipment, 
Unit Parts, and Materials. 
Copies can be Obtained 


by Writing Directly to 


the Manufacturer. 


Power Transmission Equipment 


LINK-BELT Co., 519 N. Holmes 
Ave., Indianapolis, Ind. Book No. 
1552, covering the line of RC 
“Silverlink” conveyor chains operat- 
ing over cut-tooth sprocket wheels. 
The illustrations show applications 
of this chain on different types 
of machines. Complete dimensions, 
weights, ultimate strengths, and 
prices are included. 


Testing Machines 


TINIUS OLSEN TESTING MACHINE 
Co., 500 N. 12th St., Philadelphia, 
Pa. Catalogue 50, Part L, of uni- 
versal testing machines, illustrating 
and describing an extensive line of 
testing machines of the hydraulic 
and screw power types. The cat- 
alogue is arranged so that the differ- 
ent types can be quickly located. 


Grinders 

DuMORE Co., Racine, Wis. Cat- 
alogue entitled “Hand Grinders,” 
covering electric hand grinders, as 
well as mounted wheels and points, 
and abrasive bands. Also folder en- 
titled “Short Cuts in Toolmaking,” 
illustrating and describing Dumore 
hand grinders, lathe grinders, and 
flexible-shaft tools. 


Electrical Equipment 

ALLEN-BRADLEY Co., 1331 S. First 
St., Milwaukee, Wis. Complete line 
of bulletins covering electric control 
apparatus for practically every in- 
dustrial control requirement. Some 
sixty different bulletins have been 
issued, each covering a special type 
of switches and starters, and other 
control equipment. 


Pumps 

WORTHINGTON PUMP & MACHIN- 
ERY CORPORATION, Harrison, N. J. 
Bulletins entitled “Vertical Vacuum 
Pumps,” ‘“Monobloc Centrifugal 
Pumps,” “Horizontal Dry Vacuum 
Pumps,” “Horizontal Duplex Piston 
Pumps,” “Pressed - Steel - Frame 
Mounted Centrifugal Pumps,” and 
“Horizontal Duplex Piston Pumps.” 


Stud Setters 

MODERN TOOL WorkKS, Division of 
the Consolidated Machine Tool Cor- 
poration, Rochester, N. Y. Bulletin 
M-185-A, entitled “Modern Self- 
Opening Stud Setters—Style B,” 
completely illustrating and describ- 
ing these recently developed tools, 
and tabulating their capacity range 
ard dimensions. 


Die-Heads 


LANDIS MACHINE Co., INc., Waynes- 
boro, Pa. “Operator’s Instruction 
Book,” covering Landis heat-treated 
die-heads. Complete instructions are 
given for grinding the chasers, set- 
ting the chasers, operation of die- 
heads, cutting left-hand threads, and 
cleaning and repairing die-heads. 


Lubricating Oils 

GULF OIL CORPORATION, Pitts- 
burgh, Pa. Publication entitled “Gulf 
Research in Lubrication,” giving in- 
formation, illustrated with halftone 
engravings, on the research facilities 
of the company and the methods by 
which, through research, lubricating 
oils are constantly being improved. 


Laboratory Equipment 
GAERTNER SCIENTIFIC CORPORA- 
TION, 1201 Wrightwood Ave., Chi- 
cago, Ill. Catalogue L-2, on optical in- 
struments, including spectrometers, 
spectroscopes, spectrographs, polari- 
scopes, and interferometers. Cat- 
alogue S-2, covering universal lab- 
oratory supports and supplies. 


Electrical Equipment 

CoLt’s PATENT FIRE ARMS 
Co., Hartford, Conn. Catalogue 59, 
entitled ‘“Colt-Noark 100th Anni- 
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illustrating, de- 


versary Catalogue,’ 
scribing, and listing safety switches, 
industrial control equipment, meter 
service and entrance switch equip- 
ment, fuses, and fuse boxes. 


Files and Saws 

GROBET FILE CORPORATION OF 
AMERICA, 3 Park Place, New York 
City. Catalogue listing the complete 
line of Grobet Swiss precision files 
and rotary files. Catalogue listing 
Grobet Swiss files and saws for all 
kinds of precision die filing and 
sawing machines. 


Castings 

CHAMBERSBURG ENGINEERING Co., 
Chambersburg, Pa. Bulletin illus- 
trating and describing the “Con- 
crete” Mold Method, developed by 
the company for the production of 
better castings with closer adherence 
to pattern contours and unusually 
smooth surfaces. 


Speed Reducers 


BosTON GEAR WorKS, INC., North 
Quincy, Mass. Catalogue entitled 
“Boston Ratiomotors,” illustrating 
and describing motorized speed re- 
ducers, covering reducers for frac- 
tional horsepower requirements, as 
well as 1-, 1 1/2-, 2-, and 3-horse- 
power reducers. 


Flexible Couplings 


DIAMOND CHAIN & Mrc. Co., In- 
dianapolis, Ind. Bulletin 12, describ- 
ing and illustrating the Diamond im- 
proved line of flexible couplings. At- 
tention is called to the advantages of 
the double-strand Diamond chain, 
compared with the _ single-strand 
previously used. 


Stainless-Steel Tubing 


CARPENTER STEEL Co., Reading, 
Pa. Bulletin entitled “Helpful Data 
on the Properties and Use of Car- 
penter Stainless Welded Tubing,” 
giving information on how this 
welded tubing is made, on procedure 
in joining stainless-steel tubing, 
notes on corrosion, and working in- 
structions. 


Manganese Steel 


AMERICAN MANGANESE STEEL Co.. 
Chicago Heights, Ill. Folder entitled 
“The Story of Manganese Steel,” 
containing a brief review of the his- 
tory, chemistry, physical properties, 
manufacturing, heat-treatment, and 
machining of manganese steel. 
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Dipping Baskets 

C. O. JELLIFF MFG. CORPORATION, 
Southport, Conn. Bulletin illustrat- 
ing and describing a varied line of 
dipping baskets for industrial pur- 
poses. These baskets are made from 
a number of different kinds of metal 
wire to suit the requirements. 


Alloy Steel 

UNION DRAWN STEEL Co., Massil- 
lon, Ohio. Bulletin entitled “Alloy 
Steels of Higher Machineability,” 
pointing out how the cost of machin- 
ing alloy-steel parts is being reduced 
through the use of steels of better 
machineability. 


Speed-Controller Equipment 

BRISTOL Co., Waterbury, Conn. 
Bulletin 447, illustrating and de- 
scribing the Model 6088V Process 
cycle controllers having adjustable 
features, suitable for use in indus- 
tries where variable-speed controllers 
are required. 


Electrical Equipment 

GENERAL ELECTRIC Co., Schenec- 
tady, N. Y. Bulletins illustrating and 
describing manual motor-starting 
switches, full-voltage type; general- 
purpose squirrel-cage induction mo- 
tors, type K; and Pyranol capacitors. 


Bolts, Screws, and Nuts 

H. M. HARPER Co., 2620 Fletcher 
St., Chicago, Ill. Catalogue listing 
several thousand items of bolts, nuts, 
screws, washers, and accessories 
made from brass, bronze, Everdur, 
Monel metal, and stainless steel. 


Factory Trucks 


LEWIS-SHEPARD Co.. Watertown 
(Boston), Mass. Circular 220, illus- 
trating and describing floor trucks 
for factory and warehouse use, in- 
cluding caster trucks, rubber-tired 
trucks, and shelf trucks. 


Milling and Profiling Machines 

PRATT & WHITNEY Division of 
the NILES-BEMENT-POND Co.. Hart- 
ford, Conn. Circular 424, illustrating 
and describing the company’s No. 
12-B high-speed vertical miller and 
profiler. 


Molybdenum Alloy Iron 
CLIMAX MOLYBDENUM Co., 500 
Fifth Ave., New York City. Bulletin 
entitled “The Effect of Molybdenum 
on Gray Iron Properties,” contain- 
ing photographs and tabulated data. 


Electric Motors 

LINCOLN ELECTRIC Co., Cleveland, 
Ohio. Motor bulletin 206, entitled 
“Engineering Pointers on the Appli- 
cation; Selection, and Installation of 
Totally Enclosed Fan-Cooled Mo- 
tors.” 


Photomicrographic Equipment 

BAUSCH & LOMB OPTICAL Co., 619 
St. Paul St., Rochester, N. Y. Cat- 
alogue E-21, illustrating and describ- 
ing the company’s line of equipment 
for photomicrography. 


Inventory Control 

McCASKEY REGISTER Co., Alliance, 
Ohio. Bulletin entitled “Perpetual 
Inventory Control,” giving informa- 
tion on the simplifying of inventory 
methods. 


Electrical Equipment 

WAGNER ELECTRIC CORPORATION, 
6400 Plymouth Ave., St. Louis, Mo. 
Bulletin 180, on distribution trans- 
formers. Bulletin 181, on power 
transformers. 


Flexible Couplings 

AMERICAN FLEXIBLE COUPLING 
Co., Erie, Pa. Catalogue 361, illus- 
trating and describing various types 
of “American” flexible couplings. 


Electric Furnaces 

Duty ELeEctTric Co., Mil- 
waukee, Wis. Bulletin HD-636, illus- 
trating and describing electric fur- 
nace element construction. 


Industrial Ventilation 

SWARTWOUT Co., Cleveland, Ohio. 
Bulletin V-100-B, entitled “Common 
Sense Ventilation for Industrial and 
Commercial Buildings.” 


Industrial Oil Burners 

W. S. ROCKWELL Co., 50 Church 
St., New York City. Catalogue 360, 
covering the company’s line of in- 
dustrial oil burners. 


Drilling and Tapping Machines 

AVEY DRILLING MACHINE Co., Cin- 
cinnati, Ohio. Circular covering the 
company’s Type MA-6 drilling and 
tapping machines. 


Drawing Tables 

DRAFTO Co., Cochranton, Pa. Cir- 
cular illustrating and describing the 
Drafto drawing table, having many 
new features. 


Shop 
Equipment 
News 


Fellows Enveloping Gear Generator which 
Combines Cutting and Burnishing 


The teeth of spur and helical 
gears, both internal and external, 
are finish-cut and burnished in 
the same operation by a new 
type of tool used in a machine 
developed by the Fellows Gear 
Shaper Co., Springfield, Vt. This 
tool is made with teeth that have 
no outside angle or side 
clearance, and instead of 


through which the teeth travel 
cause the cutting edges of the 
tool to move lengthwise and 
remove material by a shearing 
action. The surface of the teeth 
in back of the cutting edges also 
is in contact with the work un- 
der pressure and this results in 


a burnishing action on the gear 
teeth. 

This burnishing action is ob- 
tained by making the sides of 
the tool teeth curved, so that 
contact takes place over substan- 
tially the entire length of the 
engaging surfaces on the tool 
and work. For machin- 
ing an external gear, the 


being geared in synchron- 
ism with the work, as on 
the regular gear shap- 
ers manufactured by the 
concern, it drives the 
work. This “enveloping 
generating” tool is ro- 
tated at high speed and, 
at the same time, recip- 
rocated slowly. 

The enveloping gener- 
ating tool has teeth that 
are conjugate to the 
teeth on the work, but 
they are so related that 
the teeth on the tool and 
work will mesh only 
when their axes are 
placed askew relative to 
one another. The cutting 
edges on the tool inter- 
sect the faces of the 
teeth and extend in 
planes transverse to the 
tool axis. Thus, when 


tool teeth are curved in- 
ward, whereas for an 
internal gear the teeth 
are curved outward. 
Each tool is ordinarily 
made up of two mem- 
bers, separated slightly 
from each other, as seen 
in the heading illustra- 
tion. The width of the 
space between the two 
members and the degree 
of curvature, or amount 
of enveloping contact, 
govern the amount of 
material removed with 
each traverse cycle of 
the tool, as well as the 
finish on the work. 
Sharpening is easily 
accomplished, and the 
method is governed by 
the degree of angularity 
necessary between the 
work and the tool. In 


the tool and work are 
brought into contact and 
rotated under pressure, 
the divergent paths 


Fig. 


Internal and External Types 


Fellows Enveloping Gear Generator ing is 
for Finishing Spur and Helical Gears of Both 


some cases, the sharpen- 
done by face 
grinding, as in sharpen- 
ing a shaper cutter for 
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spur gears, whereas, in other 
cases, the teeth are sharpened in 
the same way as a normal-sharp- 
ened helical-gear shaper cutter. 

The tool can be run at speeds 
as high as 1000 surface feet a 
minute. It can be fed slowly 
back and forth across the work 
to remove the desired amount 
of material and to obtain a fine 
finish, and yet a comparatively 
short time is consumed in doing 
this. For example, an _ eight- 
pitch gear, 2 inches pitch diame- 
ter by 1 inch face width, can be 
finished to a high degree of ac- 


than that of the teeth on the 
gear which it is to cut. The tool 
is then set at an angle that 
makes up the difference between 
the tooth angles of the tool and 
the work. 

When teeth are to be finished 
on a gear that has a shoulder, 
an enveloping generating tool of 
the type illustrated in Fig. 3 is 
necessary, because the tool can- 
not be reciprocated much with- 
out interfering with the shoul- 
der. For work of this character, 
the tool is made in one piece and 
envelops the full face width of 


through change-gearing, and the 
other for operating the crank 
mechanism, elevating cam, etc. 
The desired number of recipro- 
cating cycles is obtained through 
change-gears. The elevating cam 
can also be employed to produce 
a crowning effect on gear teeth, 
which is sometimes desirable 
when shaft misalignment must 
be provided for. 

The tool-slide is ordinarily 
reciprocated slightly more than 
the face width of the gear, so 
that the cutting edges of the tool 
are brought out of contact with 


Fig. 2. 


curacy in twenty-five seconds. 
Gear teeth can be reduced in 
thickness about 0.002 inch per 
traverse cycle, and if the gear 
has been rough-cut to commer- 
cial limits, one traverse cycle is 
generally sufficient. 

The design of the enveloping 
generating tool depends upon the 
shape and character of the work. 
For instance, a tool for generat- 
ing a spur gear is made with 
helical teeth, as shown in the 
heading illustration, while a tool 
for helical gears is made with 
spur teeth, as seen in Fig. 2. 
There are cases, however, when 
it is necessary to compromise, 
because of the nature of the 
work. For some helical gears, 
for example, it may be desirable 
to make the teeth on the tool 
helical, but at a smaller angle 
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Finishing an Internal Helical Gear with 
an Enveloping Generating Tool Having Spur 
Gear Teeth. The Tool Cuts and Burnishes 


the gear. Cutting edges are ob- 
tained by providing a series of 
slots cut to the full depth of the 
teeth and located in a path nor- 
mal to the helix of the teeth on 
the tool. These slots are spaced 
close together to provide a max- 
imum number of cutting edges. 
While a slight amount of recip- 
rocation is advantageous. in 
using this tool, it does not need 
to be reciprocated. 

Usually the work is mounted 
on ball-bearing centers to permit 
it to be freely rotated by the tool. 
The work is raised and lowered 
to bring it into and out of con- 
tact with the tool by a cam at the 
front of the machine. The tool- 
spindle is reciprocated by a 
crank motion. The machine is 
provided with two motors, one 
for rotating the  tool-spindle 


Fig. 3. Type of Enveloping Generating Tool Used 
for Finishing a Helical Gear Having a Shoulder 
that Permits Only Limited Reciprocation 


the work at each end of the 
stroke. The depth feed is ac- 
complished at both ends of the 
stroke, and the direction of tool- 
spindle rotation is reversed at 
each end when a two-piece tool 
is being used. The single-piece 
tool is generally reciprocated 
about 1/16 inch, and any crown- 


ing of the teeth must be done’ 


by the tool itself. 

This machine is built in two 
sizes—the No. 4 having a capa- 
city for gears up to 5 inches 
pitch diameter, 1 3/4 inches face 
width, and 7 diametral pitch, and 
the No. 8 having a capacity for 
gears up to 8 inches pitch diam- 
eter, 2 1/2 inches face width, and 
4 diametral pitch. Gears having 
teeth with helix angles up to 45 
degrees can be finished on both 
machines. 
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Fig. 1. Heald Grinding Machine with an Adjustable Gap to Suit 
Work of Various Lengths Requiring a Large Swing 


Heald Adjustable-Gap and Airplane-Cylinder 
Grinding Machines 


An adjustable-gap internal 
grinding machine designated the 
No. 172 has recently been devel- 
oped by the Heald Machine Co., 
Worcester, Mass., to replace the 
No. 72A gap type machine de- 
scribed in September, 1935, 
MACHINERY, page 53. Like its 
predecessor, the improved ma- 
chine (Fig. 1) is of heavy-duty 
design and is intended to handle 
gears, plates, connecting-rods, 
housings, and similar parts that 
have medium-sized holes but re- 
quire a machine of generous 
swing, and are therefore awk- 
ward to handle on the average 
machine. 

The work-head is mounted on 
a heavy bridge which can be ad- 
justed to provide gaps of vari- 
ous lengths to suit the work. 
This not only provides capacity 
for long work, but also enables 
the wheel-head spindle to be 
made of minimum length, thus 
increasing the accuracy in grind- 
ing short work. The table can be 
limited to a definite forward 
travel, allowing the use of sta- 
tionary steel shields for protect- 
ing the ways from grit and dirt. 

The capacity of the machine 
has been increased to permit 
grinding holes up to 12 inches 
in diameter with a stroke up to 
15 inches. The base has been 
made considerably heavier to in- 


crease the rigidity, and the table 
is also wider and heavier. The 
base ways pressure-lubri- 
cated to insure a constant film of 
oil for the table to ride on. A 
sight glass at the rear of the 
base shows whether the ways 
are being properly lubricated. 
The oil is pumped from a reser- 
voir enclosed in the lower part 
of the base, so that there is no 
chance for dirt or other foreign 
substances to get into the oil. A 
Purolator is connected to the oil 


supply line of the hydraulic sys- 
tem. 

Push-button control switches 
for the wheel-head and _ back- 
shaft motors are built into the 
right-hand end of the base. Any 
table speed from 0 to 32 feet 
per minute is obtainable by 
means of the hydraulic drive. 
The work guard is opened and 
closed by means of a hydraulic 
cylinder and piston at the rear 
of the machine, which are con- 
trolled through a valve. The 
work guard swings completely 
out of the way to facilitate load- 
ing with an overhead crane. 

If desired, this machine can 
be furnished for operating in a 
fully automatic cycle on the Size- 
Matic principle, or it can be fur- 
nished with a dial indicator that 
gives a direct reading at all 
times of the size of the hole be- 
ing ground. 

Another recently improved 
Heald machine is the No. 73 air- 
plane-cylinder grinder shown in 
Fig. 2, which resembles in gen- 
eral appearance a machine de- 
scribed in July, 1934, MACHINERY, 
page 689. As in the previous 
machine, the cylinders are in- 
serted into a hollow work-head 
spindle and held in such a man- 
ner that the hole is at right 
angles to the attaching flange 
and is concentric with the out- 
side diameter of the skirt. Thus 
the cylinder is ground in the 


Fig. 2. Machine of Improved Design for Grinding Aircraft Engine 
Cylinders and Other Cylinders and Sleeves 
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same position in which it is held 
when assembled. This eliminates 
any chance for cramping or mis- 
alignment with the piston. 

All push-button motor con- 
trols, together with electrical 
switches and connections, are 
centralized in one terminal box, 
built into the front of the ma- 
chine. At the right of the push- 
button station is a rheostat by 
means of which work-head speeds 
ranging from 690 to 2070 rev- 
olutions per minute are obtain- 
able. The hole in the work-head 
spindle is approximately 10 
inches in diameter, and therefore 
accommodates any standard sin- 
gle airplane cylinder, as well as 
other types of cylinders and 
sleeves. 

The main table has been made 
considerably heavier. As before, 
it is reciprocated hydraulically 
by means of a mechanism that 
provides speeds from 0 to 20 feet 
per minute. 

A dial indicator enables the 
operator constantly to follow 
changes in size by direct read- 
ings. This indicator also facili- 
tates truing the wheel at a pre- 
determined point before the fin- 
ished size is reached. The wheel 
can be operated at a coarse feed 
for rough-grinding to a prede- 
termined point and then auto- 
matically slowed down to a fine 
feed for finishing. 


American Broaching Machines 


The horizontal machine shown 
in Fig. 1 has been developed by 
the American Broach & Machine 
Co., Ann Arbor, Mich., for 
broaching lock seats for crank- 
shaft bearing caps in automobile 
cylinder blocks. One of the fea- 
tures of this machine is that the 
work-holding fixture is carried 
on a table that is raised to the 
broaching position hydraulically 
by the same unit that provides 
power for the broaching slide. In 
its lower position the fixture is 
at the proper height to receive 
the cylinder blocks from the shop 
conveyor. 

A cylinder block is simply 
moved into position on the fix- 
ture, after which the shifting of 
a lever causes the block to be 
raised and automatically clamped 
against hardened plates. Dowel- 
pins which fit into reamed holes 
locate the work. A second lever, 
interlocked with the clamping 
lever, is next moved to start the 
automatic operating cycle. The 
broaches approach the work rap- 
idly, but slow down for broach- 
ing. The work is released and 
the fixture lowered automatically 
for reloading while the broaches 
are returned to the starting po- 
sition. 

The hydraulic cylinder is in- 
tegral with the sliding member, 


thus providing a massive sup- 
port for the broach and also giv- 
ing a “flywheel” effect which 
promotes smooth cutting. This 
construction permits placing the 
slides above the cutting area, 
where they are free from dust 
and chips. Accurate alignment 
with longer bearing life is thus 
obtained. The machine is self- 
contained, having the hydraulic 
unit submerged in oil to insure 
positive lubrication. 

The vertical hydraulic broach- 
ing machine shown in Fig. 2 is 
also a recent development of this 
company. It is designed for fin- 
ishing the bore in type-metal 
printing cylinders or mats to a 
diameter of approximately 6 
inches. The machine has a self- 
contained hydraulic unit, the 
cylinder being integral with the 
broaching slides. 

The last section of the broach 
used for this work has a slight 
burnishing action, so that the 
cutting teeth do not drag over 
the finished surfaces on the re- 
turn stroke of the ram. The 
front half of the fixture is 
hinged on one side. The other 
side has a powerful, quick-act- 
ing, double-cam lock. At the top 
of the front half of the fixture 
is an adjustable block for hold- 
ing mats of different lengths in 


Fig. |. 
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American Broaching Machine Built for Finishing Bearing Cap Seats in Cylinder Blocks 
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Fig. 2. Machine for Broaching 
Printing Cylinders 


their proper positions during 
the broaching operations to facil- 
itate changing set-ups. 


Detroit Rex Solvent 
Degreasing Machine 


A two-dip solvent degreasing 
machine has recently been added 
to the line of Detrex Degreasers 
manufactured by the Detroit Rex 
Products Co., 13005 Hillview 
Ave., Detroit, Mich. Important 
features include a water-jacket 
pipe condenser which encircles 
the machine, and a solvent con- 
densate collecting trough beneath 
the condenser. All the pure sol- 
vent distillate is emptied into the 
second or rinse chamber. 

The work is generally handled 
manually in baskets or on racks. 
The usual procedure is to im- 
merse the work in the boiling 
chamber, cool it in the clean sol- 
vent rinse, and finally suspend it 
for a few seconds in the pure 
solvent vapors over the boiling 
chamber, after which it is re- 
moved, cleaned, and dried. 


New Britain Four- and Six-Spindle 
Chucking Machines 


Two multiple-spindle  auto- 
matic chucking machines—a four- 
spindle, known as Model 49, and a 
six-spindle, known as Model 675 
—have recently been brought 
out by the New Britain Machine 
Co., New Britain, Conn. These 
machines are applicable to all 
work that requires turning, 
forming, drilling, etce., within 
the capacity of the chucks pro- 
vided, when sufficient quantities 
are required to warrant a mul- 
tiple-spindle machine. One of 
the principal design features of 
the machines is the large num- 
ber of tools that may operate 
upon the work at one setting. 
The six-spindle machine, for ex- 
ample, having five operating 
spindles and a loading position, 
permits of the use of five end- 
working tools and four cross- 
arm tools or sets of tools. 

As will be noted from the ac- 
companying illustrations, which 
show the six-spindle machine, 
there is a horizontal turret for 
the end-working tools, with pro- 
vision for a power box for ro- 
tating these tools in one or more 
positions—all five if necessary— 
the speeds for all positions be- 
ing independent of each other. 
In addition, each machine can be 
provided with four swinging 


forming arms, two below the 
spindles and two above. Either 
or both of the upper cross-arms 
can be provided with independ- 
ent longitudinal, as well as 
swinging feed, giving unusual 
flexibility to the tooling arrange- 
ment. Furthermore, light spot- 
ting or similar operations can be 
performed on the work in the 
loading position, thus making all 
six spindles active operation 
spindles. 

There are several design fea- 
tures that should be especially 
emphasized: The automatic spin- 
dle-carrier lifting mechanism 
eliminates appreciable wear on 
the spindle-carrier and thus pre- 
serves the initial accuracy of 
the machine. The spindle-carrier 
is also provided with an auto- 
matic clamping device, prevent- 
ing the carrier from “weaving” 
during the cutting cycle. The 
spindle is carried in preloaded 
anti-friction bearings, so mount- 
ed as to eliminate measurable ra- 
dial or axial deflection under the 
heaviest cuts. The hydraulic 
chuck-operating mechanism, actu- 
ated through positive-drive syn- 
chro-mesh spindle clutches, per- 
mits of adjustable and automat- 
ically variable chucking pressures 
for the finishing spindle positions. 


Fig. |. 


New Britain Automatic with Provision for Four Swinging 


Forming Arms and as Many as Five Rotating End-working Tools 


Hi 


MACHINERY, September, 1936—85 


= 4 
‘jm 
; 
at 
ier 
| 
a 
= J | | oat 
4 | 
| 
: 
— ; 
| 
= 


without shock. The 


The carrier is indexed through 
a modified Geneva motion which 
operates smoothly at high speeds 
indexing 
mechanism is entirely enclosed 
to protect it from chips and dirt. 


The loading spindle can _ be 
= stopped automatically, with the 
= other spindles running. It can 


manually by the oper- 
ator. The spindle speeds 
range, through pick-off 
change-gears, from 37 
to 764 R.P.M. The 
speeds are selected to 
suit the largest diam- 
eter of the work. 
Higher cutting speeds 
for smaller diameters 
are obtained by select- 
ing suitable speeds for 
the end-working tools. 

The tool-slide carry- 
ing the end-working 
tools is actuated by a 
drum type cam and a 
draw-bar. An adjust- 
able stop controls the 
machining lengths and 
depths. The forming 
arms can be four in 
number on the six-spin- 
dle machine, and three 
on the four-spindle ma- 
chine. The feed changes 
are made through pick- 
off change-gears. The 
forming arm feeds 


also be stopped and restarted 


Fig. 2. Illustration Showing Sliding Panels Removed, Making 
Interior Mechanism Instantly Accessible 


vary from 0.0005 to 0.115 inch, 
and the tool-slide feeds from 
0.0008 to 0.266 inch. The drive 
of the machine is through a 10- 
to 20-horsepower motor running 
at 1800 revolutions per minute. 
The motor is mounted on a 
hinged base in a ventilated com- 
partment, and drives the main 
shaft by a silent chain. 


The chucks are 7 1/2 inches 
in diameter on the six-spindle 
machine, and 9 inches in diam- 
eter on the four-spindle machine, 
and are hydraulically operated. 
They can be opened in any posi- 
tion. The regular chucking pres- 
sure can be varied between 50 
and 300 pounds to suit require- 
ments. Of special interest is the 
provision for automatically re- 
ducing the chucking pressures in 
three steps for the last three 
spindle positions. This is useful 
on parts where distortion is like- 
ly to occur, if the chucking pres- 
sure necessary for the roughing 
cuts was not modified for the 
finishing cuts. This reduced 
pressure is obtained through ad- 
justing screws. Gages are pro- 
vided showing the actual pres- 
sures in each position. The four 
gages will be seen on top of the 
spindle-carrier housing. 

Four interlocking safety de- 
vices are provided—(1) a device 
for preventing the power feed 
from being engaged when the 
hand feed is used; (2) a 
frictionally adjustable device op- 
erating through the main cam- 
drum worm-wheel, which pre- 
vents damage to machine parts 
in case a “jam” should occur; 

(3) a pressure switch 


which automatically 
shuts off the motor if 
the hydraulic pressure 
should drop below its 
predetermined value; 
and (4) a pressure 
switch operating 
through a solenoid 
which prevents index- 
ing of the spindle-car- 
rier until the operator 
has completed the 
chucking operation and 
the chuck or work fix- 
ture is closed. 
Another noteworthy 
feature of these ma- 
chines is the manner in 
which the working 
mechanism is enclosed 
and yet instantly ac- 
cessible through slid- 
ing or swinging sheet- 
metal panels. One of 
the illustrations shows 


Fig. 3. Close-up View of Tool-slide, Power Box, 


and Bars Supporting Swinging Arms 
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these panels in place; 
in another the panels 
are removed. 
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Lapointe Automatic Machine for Broaching 
Splines in Tapered Holes 


A fully automatic hydraulic 
broaching machine of vertical 
design was recently developed by 
the Lapointe Machine Tool Co., 
Hudson, Mass., for broaching a 
series of involute-tooth splines 
in a tapered hole in the hub of 
tractor driving gears. One of the 
requirements of this operation 
is that the teeth be of uniform 
depth for the full length of the 


end fits into a central post in the 
platen of the machine. After the 
work has been loaded, the guide 
is moved downward into the cen- 
ter post, so that it is rigidly sup- 
ported at both ends. The broach 
travels up and down in the guide 
during an operation. In Fig. 1 
the broach guide may be seen in 
its raised position, the machine 
being ready for loading. 


per foot. The work-table is 30 
inches in diameter. 

At the end of each cut, the 
work is moved away from the 
broach by a hydraulic cylinder 
connected to the table slide. At 
the same time, the indexing 
mechanism is actuated, indexing 
the rotary table during the re- 
turn stroke of the broach. At the 
end of each upward stroke, the 
work is again moved toward the 
broach against a fixed stop, and 
the broach is pulled downward 


4 


1 


Fig. |. 


tapered hole. A feature of the 
machine is an automatic index- 
ing mechanism consisting of a 
rotary work-table, a table slide, 
and a change-gear box driven by 
an electric motor. The work- 
table can be tipped upward to 
any desired angle to suit the tap- 
ered holes in which splines are 
to be broached. 

The machine is equipped with 
a hardened and ground broach 
guide, the upper end of which is 
held in a bracket, while the lower 


Machine which Broaches Involute-tooth 
Splines in the Tapered Hole of Tractor Gears 


In the center of the work-table 
is an adapter which fits the hub 
of the work and locates it accu- 
rately. Fig. 2 shows an opera- 
tion in progress on a tractor 
driving gear, a spline being cut 
with each downward movement 
of the broach. This gear is a 
steel casting 37 1/2 inches in di- 
ameter, weighing approximately 
400 pounds. Eighty involute 
splines 6 inches long are broach- 
ed in the hub in sixteen minutes. 
The taper of the hole is 3/4 inch 


Fig. 2. Eighty Involute Teeth are Broached in the 
Tapered Hole of this Tractor Gear 


to cut the next spline. This cycle 
is repeated automatically until 
the operation is finished. 

The fixture is adjustable to 
suit different diameters, tapers, 
and lengths of hole, and it can 
be indexed any required number 
of times. In addition to tripling 
production, an advantage of this 
broaching operation is that the 
involute curve of the splines is 
uniform for the entire length of 
the tapered hole, regardless of 
the change in pitch diameter. 
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Pratt & Whitney Bench Lathe with Transitorq Drive that Provides 
* Spindle Speeds from 200 to 2000 Revolutions per Minute 


Pratt & Whitney Bench Lathe with 
Transitorq Drive 


The Pratt & Whitney Division 
of the Niles-Bement-Pond Co., 
Hartford, Conn., has announced 
a new 10- by 20-inch bench lathe 
that is driven by a New Depar- 
ture Transitorq. The Transitorgq, 
which is equipped with a 1/2- 
horsepower motor running at 
1800 revolutions per minute, pro- 
vides spindle speeds from 200 to 
2000 revolutions per minute. 
Power is transmitted from the 
drive to the headstock spindle 
through four V-belts, which can 
be changed without removing the 
spindle. 

The Transitorq is suspended 
from a platform, bolted to the 
under side of the bench, as seen 
in the illustration. This platform 
is mounted on a trunnion at one 
end and has an adjusting bolt at 
the other end, thus providing a 
means of maintaining the proper 
belt tension. 

This lathe is intended for fine 
tool-room work. It has a bed 
length of 44 inches, a 10-inch 
swing over the bed, a 6 1/2-inch 
swing over the cross-slide, and a 
maximum center-to-center dis- 
tance of 20 inches. The bed and 
pan are cast in one piece, there 
being a cored hole through the 
headstock leg for driving belts. 
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The hole through the _ head- 
stock spindle is 1 5/16 inches in 
diameter, thus providing for a 
l-inch collet. The spindle is 
mounted in precision ball bear- 
ings, preloaded to 75 pounds, 
which are packed in grease and 
permanently sealed. Mounted on 
the headstock spindle, in addi- 
tion to the belt sheave, is a drum 
which facilitates stopping the 
spindle by hand or revolving it 
for the inspection of work. There 
are four holes in this drum 
which may be engaged by a pin 
for locking the spindle when a 
collet is being tightened. The pin 
slips out of engagement after the 
collet has been tightened, there- 
by eliminating the possibility of 
starting the lathe with the lock- 
pin in position. The collet draw- 
back sleeve is provided with a 
ball bearing that takes the thrust 
when tightening work in the 
larger collets. This permits the 
clamping and unclamping of work 
with ease. 

The compound slide rest is of 
a new design. It is provided with 
longitudinal and transverse slides 
for accurate turning and boring 
operations. Each slide has a 
travel of 5 inches through a 
screw that is mounted in ball 


bearings. The longitudinal slide 
is mounted on a swivel base, 
graduated through 60 degrees on 
each side of the center. A vernier 
graduated to 5 minutes facilitates 
accurate settings. 

The weight of this bench lathe, 
together with the regular equip- 
ment, is about 350 pounds. The 
lathe is available separately or 
mounted on benches of several 
styles. 


Oliver Disk and Belt 
Grinding and Polishing 
Machine 


A 15-inch motor-driven disk 
and belt grinder for use on small 
jobs requiring the removal of 
metals, compositions, and wood 
has been developed by the Oliver 
Machinery Co., Grand Rapids, 
Mich. This machine is adapted 
for the grinding and finishing 
of pieces such as segments, 
angles for building up work, cir- 
cular and taper work, etc. It will 
handle circular work up to 15 
inches in diameter, and duplicat- 
ing work up to 7 inches wide. 

The disk is secured to the ma- 
chine hub by three screws, which 
can be quickly removed for 
changing to Aloxite, emery cloth, 
or other abrasive disks. A disk 
speed of 1725 revolutions per 
minute is available. 


Oliver Combination Disk and Belt 
Grinding and Polishing Machine 
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The table can be tilted down- 
ward to an angle of 45 degrees 
or upward to an angle of 25 de- 
grees by means of a handwheel. 
At the opposite end of the motor 
there is a belt type grinding and 
polishing unit. The endless pol- 
ishing belt is 6 inches wide and 
60 inches long. An adjustable 
table is also provided for use 
with the polishing belt. 


Kane & Roach Straight- 
ening Machine for Bar 
Stock and Tubing 


A roll type straightening 
machine with a capacity for 
straightening mild steel round 
stock 1/4 to 3/4 inch in diam- 
eter, heat-treated steel stock 
1/4 to 5/8 inch in diam- 
eter, and tubing up to 1 1/8 
inches has been brought out by 
Kane & Roach, Inc., Syracuse, 
N. Y. The production rate of 
this machine is 50 to 75 feet per 
minute. The machine is equipped 
with two power-driven rotary 
straightening rolls. These rolls 
are made of tool steel and are 
accurately machined, hardened, 
and ground. The Timken anti- 
friction bearings in which the 
rolls are mounted are provided 
with seals that protect the bear- 
ings from scale, dust, and for- 
eign matter. 


The angle at which the 


Kane & Roach Roll Type Straightening Machine for 
Bar Stock and Tubing 


straightening rolls are tilted can 
be changed quickly to meet vary- 
ing conditions. The drive to the 
rolls is from an enclosed oil- 
tight gear-box through a_ uni- 
versal joint. The machine is 


Niagara Power 


Power squaring shears, known 
as the Series HL, which are de- 
signed for high-production, ac- 
curate flat strip cutting, have 
been brought out by the Niagara 


Niagara Power Squaring Shears Designed for High-production 
Flat Strip Cutting 


provided with a cooling system, 
including a rotary pump, piping 
valves, etc. A driving motor of 
10 horsepower, operating at a 
speed of 1140 revolutions per 
minute, is recommended. 


Squaring Shears 


Machine & Tool Works, Buffalo, 
N. Y. These shears have all the 
features of the general-purpose 
squaring shears made by this 
company. A triangular, box-sec- 
tion steel cross-head with a front 
web that slopes toward the rear 
gives a large opening between 
the hold-down bar and the cross- 
head, thus presenting an unob- 
structed view at the cutting line 
of the machine. The bed is ad- 
justable front to back, being 
guided by broad keys in the 
housing, which makes it impos- 
sible for the bed to be lifted off 
its seat when the shear is cut- 
ting. The drive is by means of 
a train of enclosed spur gears 
which run in an oil bath. 

All gears, including the main 
clutch gear, and the outer end 
of the main eccentric shaft are 
equipped with anti-friction bear- 
ings. The sleeve clutch with a 
single stroke attachment and 
anti-friction bearing equipment 
is mounted within the gear-box 
and operates in oil. 
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Sundstrand Automatic Hydraulic Rigidmil Fitted for Cutting Five 
Intermittent Keyways in Each of Eight Shafts 


Sundstrand Hydraulic Rigidmil with Completely 
Automatic Operating Cycle 


An automatic hydraulic oper- 
ating cycle which includes actua- 
tion of the spindle head and 
clamping of both ends of the 
cross-rail, as well as feed and 
rapid traverse of the table 72 
inches in both directions, is a 
feature of the latest Rigidmil to 
be designed by the Sundstrand 
Machine Tool Co., 2530 Eleventh 
St., Rockford, Ill. The machine 


shown in the accompanying illus- 
tration is equipped for simultane- 
ously milling five intermittent 


keyways in eight heavy shafts. 
The depth of cut is held within 
0.002 inch of the specified di- 
mension. 

The operating cycle is entirely 
automatic after starting. The 
cycle is accurately controlled by 
easily adjusted dogs, a feature 
that makes the machine readily 
applicable to a wide variety of 
work in addition to the keyway- 
cutting operation for which it 
was primarily equipped. 

In operation, the spindle head 
rapidly approaches the work, 
feeds to depth against an easily 
adjusted positive stop, and is 
clamped hydraulically. The table 
then feeds a predetermined dis- 
tance, the head unlocks and rises, 
and the table advances into posi- 
tion for the next cut, thus com- 
pleting the operating cycle. 

This automatic machine cycle 
is repeated until all the keyways 
have been milled, after which the 
table is rapidly traversed to the 
starting position and stopped. 
The hydraulic circuit is equally 
effective in both directions, and 
is suitable for climb-cut milling 
operations. 


Brown & Sharpe Wire-Feed Semi- 
Automatic Screw Machines 


The new Nos. 2 and 0 wire- 
feed screw machines shown in 
Figs. 1 and 2 complete the range 


of three sizes in the line of semi- 
automatic screw machines built 
by the Brown & Sharpe Mfg. Co., 


Fig. |. 


Brown & Sharpe No. 2 Wire-feed Semi-automatic 


Screw Machine 
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Fig. 2. No. 0 Brown & Sharpe 


Wire-feed Screw Machine 
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Providence, R. I. Each size ma- 
chine in this line is built in mo- 
tor- and overhead-driven types. 
These machines, Nos. 0, 1, and 2, 
are adapted for small-lot jobs or 
for parts subject to frequent 
change in design, when special 
tooling is not warranted. 

A wide range of high spindle 
speeds permits all kinds of ma- 
terials to be machined at their 
maximum machineable speeds. 
Thus full advantage can be taken 
of the free-cutting materials, 
such as brass, aluminum, and the 
high-sulphur steels, in perform- 
ing such operations as forming, 
turning, drilling, cutting off, etc. 
The high ratio of 5 to 1 between 
the fast and slow speeds enables 
a slow speed to be used for 
threading. 

The automatic feeding of stock, 
fast indexing of the turret, and 
convenient means for reversing 
the spindle are features designed 
to increase production. While 
primarily intended for bar work, 
these machines are also adapted 
to secondary operations on work 
that cannot be completed on the 
bar. 

The collets, feeding fingers, 
and many of the turret tools 
used on these semi-automatic ma- 
chines are interchangeable with 
those used on Brown & Sharpe 
automatics. The motor-driven 
machines have a single motor 
mounted on the base, the No. 2 


machine having a flange type 
mounting. The machines have the 
following rate capacities: No. 0, 
3/8 inch; No. 1, 5/8 inch; and 
No. 2, 1 inch. These machines 


will turn any length up to 2 1/4, 
4, and 6 inches, respectively. 
Over-size feed-tubes permit light 
work to be performed on larger 
stock. 


Oilgear Press for Assembling Camshaft 
Bushings in Cylinder Blocks 


Accurate assembly of four 
camshaft bushings in  six-cyl- 
inder motor blocks or five cam- 
shaft bushings in eight-cylinder 
blocks is accomplished on a high 
production basis with a 15-ton 
horn type assembling press re- 
cently developed by the Oilgear 
Co., 1310 W. Bruce St., Milwau- 
kee, Wis. Fig. 1 shows the press 
with an eight-cylinder motor 
block in position ready to be 
lowered over the horn type bar 
shown in Fig. 2. The five cam- 
shaft bushings which are pressed 
into this block in one operation 
are shown on top of the press 
frame, Fig. 1. 

Both the horn type pressing 
bar and the fixture for raising 
and lowering the cylinder block 
are hydraulically operated, the 
bar being controlled by the hand- 
lever, while the fixture is con- 
trolled by the foot-pedal. The 
pressing bar is accurately guided 
in a long bushing and is located 
by a pin and bushings shown in 
the double lever on the right- 


hand end of the press. For 
assembling bushings in six-cyl- 
inder blocks the horn type bar is 
revolved 180 degrees to bring the 
opposite side, which has four 
horns, into the operating posi- 
tion. The press frame is of all- 
steel welded construction and is 
made low to fit into the produc- 
tion line as part of the conveyor 
system. 

The pump and motor base is 
integral with the press frame. 
The Oilgear pump is directly 
connected to a 10-horsepower 
electric motor which operates at 
a speed of 900 revolutions per 
minute. An auxiliary low-pres- 
sure pump with a Texrope drive 
operates the toggle cylinder for 
raising and lowering the cylinder 
block. The time required for the 
pulling movement is one second, 
and the same time is required 
for the return movement. The 
fixture lowering time is three 
seconds, and the raising time, 
three seconds. The net weight 
of the press is 6200 pounds. 


Fig. 1. 


Oilgear Press for Assembling Camshaft Bushings 


in Cylinder Blocks 


Fig. 2. View Showing Multiple 


Horn Type Bar 
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Cleveland Inclinable 
Press with All-Welded 
Steel Frame 


An inclinable press has recent- 
ly been built by the Cleveland 
Punch & Shear Works Co., Cleve- 
land, Ohio, with an all-welded 
steel frame, as illustrated. The 
box-section housings of this 
press are designed for maximum 
rigidity with minimum weight 
and for reducing “weaving” to a 
minimum. The various parts are 
stress relieved after welding. 

The machine illustrated is a 
No. 111 single-geared press 
arranged for a direct-connected 
motor drive. It has a capacity 
of approximately 115 tons. The 
bed measures 29 inches from 
front to back, and 40 inches 
from right to left. 

The press operates at a speed 
of 40 strokes per minute. It is 
equipped with a block type clutch 
and a large brake provided with 
a safety drop-bar. The drive- 
shaft runs in roller bearings. 
The slide has unusually long 
bearing surfaces to insure accu- 
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racy and is provided with a new 
type of two-piece connection. 
Other inclinable presses of me- 


dium size can also be supplied by 
the concern with an all-welded 
steel frame. 


Cincinnati Milling Machine for Small 


or Medium 


A milling machine, known as 
the 2-MH, designed for small or 
medium sized work in the tool- 
room or in job-lot production has 
been brought out by the Cincin- 
nati Milling Machine and Cin- 
cinnati Grinders Inc., Cincin- 
nati, Ohio. This machine is of 
the same general design as the 
Cincinnati L type described in 
November, 1935, MACHINERY, 
page 219, except that it is larger 
and heavier throughout. The 
rectangular over-arm facilitates 
setting up and changing cutters, 
adjustment being provided by a 
pinion on the pilot-wheel shaft 
and a rack cut in the under side 
of the over-arm. 

Safety features are incorpo- 
rated in the design to protect 
both the operator and the ma- 
chine. The spindle brake stops 
the cutter immediately when the 


Sized Work 


starting lever is pulled down. 
Lock-pins in the cross- and ver- 
tical-feed levers prevent the op- 
erator from moving the wrong 
lever. A two-way locking device 
prevents the spindle reverse 
lever from being accidentally 
moved, and a safety gear pre- 
vents overloading the machine. 
The machine has a longitu- 
dinal table travel of 28 inches, 
a cross travel of 10 inches, and a 
vertical travel of 19 and 18 
inches, respectively, for the plain 
and universal types. The spindle 
nose conforms to the milling ma- 
chine manufacturer’s standard 
No. 50. Fifteen spindle speeds 
ranging from 23 to 1200 revolu- 
tions per minute are obtained by 
shifting two levers. The spindle 
reverse lever at the side of the 
machine column permits quick 
reversal of the spindle rotation. 


Cleveland Press with All-welded Steel Frame of 


Box Construction 


92—MACHINERY, September, 1936 


Cincinnati Milling Machine Designed for Small 
or Medium Sized Work 
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Wil 


The five-horsepower motor in the 
column is accessible through the 
large hinged cover at the rear of 
the machine. 

Any one of the twelve feeds 
can be selected quickly by oper- 
ating two levers at the left-hand 
side of the knee. The longitu- 
dinal feed range is from 3/4 inch 
to 30 inches a minute. Cross and 
vertical power feeds are also 
provided. The table-feed engag- 
ing lever provides for directional 
control. All feeds are reversible 
from the front and rear through 
the reverse lever on the side of 
the feed-box. Power quick trav- 
erse in all six directions is also 
available. The entire spindle 
drive is mounted in anti-friction 
bearings. 

Universal machines are pro- 
vided with a 10-inch dividing 
head having an enclosed driving 
segment for milling spirals with 
leads ranging from 2 1/2 to 100 
inches. A lower lead range of 
from 1/4 inch to 100 inches can 
be obtained through the applica- 
tion of a small reduction gear 
segment to the standard enclosed 
driving mechanism. 


Hanna Ten-ton Squeeze Riveter 


Weighing Only 100 Pounds 


mm 
Wt 


4 


SASS 


Fig. 1. 


Hydratrol Lathe on which an Improvement was Recently Made 


to Facilitate Obtaining Preselected Speeds for Successive Cuts 


Hanna Light-Weight 
Squeeze Riveter 


Through the use of alloy-steel 
heat-treated castings, alloy-steel 
forgings, and aluminum cast- 
ings, the Hanna Engineering 
Works, 1765 Elston Ave., Chi- 
cago, Ill., has developed a pneu- 
matic riveter of the alligator or 
nut-cracker type which weighs 
only 100 pounds and yet exerts 
a pressure of 10 tons on the dies. 
When suspended from a spring 
balancer as shown, this equip- 
ment can be easily moved from 
rivet to rivet on a job. 

The mechanism is entirely en- 
closed. In operation, a hardened 
and ground steel wedge attached 
to the aluminum piston unit 
transmits power to a hardened 
and ground roller mounted in 
roller bearings in the moving 
jaw. This jaw exerts a uniform 
predetermined pressure on riv- 
ets, even though they vary in 
length and diameter as much as 
1/4 inch. The jaw design can be 
varied to meet requirements. 

The riveter is operated by a 
twist of the wrist through a 
valve which is integral with the 
handle used by the operator in 
moving the equipment on and off 
rivets. There is a minimum con- 
sumption of power, since air is 
used only for the forward or 
pressure stroke, the return 
stroke being  spring-actuated. 
The power is sufficient for driv- 
ing rivets up to 1/4 inch cold 
and up to 3/8 inch hot. 


Improvement on the 
Hydratrol Lathe 


On the Hydratrol lathe built 
by the Lehmann Machine Co., 
3554 Chouteau Ave., St. Louis, 
Mo., sixteen spindle speeds are 
obtainable through a hydraulic 
arrangement by merely operat- 
ing a triple handle on the head- 
stock. These speed changes can 
be made at the will of the oper- 
ator with the lathe running or 
stopped, and without clashing of 
engaging parts. 

Coordinating with the opera- 
tion of the speed-changing valve, 
there is an automatic slide-rule 
on the front of the headstock 
which shows the number of spin- 
dle revolutions being made per 
minute and indicates the cutting 
speed in feet per minute corre- 
sponding with various work di- 
ameters within the capacity of 
the machine. The work diameters 
are given on the sliding member 
of the slide-rule, whereas the 
cutting speeds are shown on the 
stationary scale. 

This slide-rule has _ recently 
been improved by the addition of 
sixteen panels along the lower 
edge, as seen in Fig. 2, which are 
intended for holding tags in- 
scribed with numbers or symbols 
indicating the correct positions 
of the sliding scale for successive 
operations on a job. It is only a 
matter of a few minutes for a 
time-study man, foreman, or op- 
erator to set the valve to give the 
desired speed for as many oper- 
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SPINDLE SPEED >= 


3 


CUTTING SPEED FEET PER MINUTE 


Fig. 2. 


Improved Hydratrol Slide-rule with Panels in which Tags may 


be Placed to Indicate Proper Settings for Successive Operations 


ations as may be required on a 
job and to attach tags or mark 
the panels themselves. Then when 


Madison St., South Bend, Ind., 
may now be had with a pedestal 
type motor drive, as shown in 


to another. The drive is available 
for all sizes of floor type lathes 
built by this company. 


Improved Pot 
Hardening Furnaces 


An improved line of pot hard- 
ening furnaces designed for low- 
er gas consumption, more uni- 
form heating, faster heating, 
simpler control, and silent oper- 
ation has been brought out by 
the American Gas Furnace Co., 
Elizabeth, N. J. The features 
contributing to these advantages 
include insulating refractory lin- 
ing backed by block insulation, 
heat-resisting alloy burners, sin- 
gle valve control, numerous burn- 
ers of small size which fire tan- 


_ the operator turns the valve the illustration. The drive mech- gent to the pot near the top, and 
handle to bring the numbers or anism is a separate unit mounted venting at the bottom. The ar- 
symbols for successive operations on the metal pedestal in back of rangement of the burners in- 
into line with the central indica- the lathe, with the horizontal sures that melting of the con- 2 
tor, the machine automatically countershaft and motor support tents of the pot will proceed _ 
changes to the spindle speeds at the top of the pedestal in line from the top downward. a 
which have been preselected for with the headstock cone pulley. These furnaces are regularly = 

2 the various cuts. An adjustable tension brace supplied for operation at temper- 

Z — — countershaft and the atures from 1400 to 1600 degrees 

= : eadstock regulates the tension F., but they can be furnished for 

a Pedestal Motor Drive for of both the flat belt between the higher ay lower temperatures. 

= South Bend Lathe cone pulleys and the V-belt from The furnaces are made in nine 

: The 1986 model 9-inch work- the motor to the drive pulley. A sizes, with pots ranging from 6 

: shop lathe brought out by the belt-tension release lever permits inches in diameter by 10 inches = 

d South Bend Lathe Works, 726 E. °8Y shifting of the cone pulley deep up to 20 inches in diameter 

2 belt from one step of the pulley by 20 inches deep. = 

S South Bend Lathe Equipped with Pedestal Pot Hardening Furnace Brought out by the 

z Motor Drive American Gas Furnace Co. 

| 
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Lincoln Welder Designed to 
Withstand Sustained Overloads 


Lincoln Welding Machine 
with Protected Insulation 


An arc-welding machine adap- 
ted for general fabrication and 
repair work, which is designed 
to prevent burn-outs, has been 
developed by the Lincoln Electric 
Co., Cleveland, Ohio. Sustained 
overloads without injurious ef- 
fects are possible. Shielded-arc 
or bare electrodes can be used. 

The machine is driven by a 
“Linc-Weld” 7 1/2-horsepower 
alternating-current motor. The 
rated current range is 45 to 200 
amperes. The machine is suited 
for sheet-metal work, hard fac- 
ing, pipe welding, cast-iron re- 
pair work, or for use wherever 
the heavy welding of steel alloy 
and non-ferrous plates and shapes 
is required. 


Motor Drive for Footburt 
Drilling Machine 


Spindle speeds of 1035, 1725, 
and 2915 revolutions per minute 
can be obtained by merely shift- 
ing the speed-change lever of a 
new motor drive brought out by 
the Foote-Burt Co., Cleveland, 
Ohio. This drive is operated by 
a motor which runs at a constant 
speed, and has been especially de- 
veloped for the medium size 
or BK style Footburt sensitive 
drilling machine having a capa- 
city for drilling holes up to 5/8 
inch in cast iron. 


Footburt Motor Drive for 
Sensitive Drilling Machine 


The drive consists of a stand- 
ard foot-mounted ball-bearing 
motor on a bracket at the rear 
of the machine column. The mo- 
tor armature shaft is connected 
to the rear cone pulley drive 
shaft by a flexible coupling which 
provides a short compact drive. 


Eisler Press Type 
Welding Machine 
Press type electric resistance 


welding machines, in capacities 
up to 250 kilovolt amperes, are 


now supplied by the Eisler Engi- 
neering Co., 750 S. 13th St., 
Newark, N. J., in models operat- 
ed by foot, motor, or air. These 
machines are intended for weld- 
ing various thicknesses of metal. 
They are built with throat 
depths of from 16 to 48 inches, 
and can be operated at speeds 
from 30 to 100 welds a minute. 

One of the features of these 
welders is that the timer, contac- 
tor, and switch are all assembled 
in one self-contained unit. 


Fafnir Ball Bearings for 
Machine Tools 


A series of ball bearings de- 
signed specifically for machine 
tool applications where unusual 
compactness is required, in addi- 
tion to high precision standards, 
has just been brought out by the 
Fafnir Bearing Co., New Britain, 
Conn. These new bearings are 
available in bore sizes ranging 
from 20 to 260 millimeters. Sizes 
up to 100 millimeters in diam- 
eter are equipped with solid com- 
position retainers, while ma- 
chined bronze retainers are em- 
ployed on the larger sizes. 

In comparison with the stan- 
dard SAE 200 series, the new 
bearings have considerably small- 
er outside diameters for the 


Eisler Press Type Electric Resist- 
ance Welding Machine 


Fafnir Ball Bearing of Compact 
Design for Machine Tool Use 
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same bore dimensions. The 30- 
millimeter ball bearing has an 
outside diameter of 52 millime- 
ters, in contrast with the 62- 
millimeter outside diameter of 
the SA E 200 series. In the larg- 
er sizes, the gain in compactness 
is even more pronounced. The re- 
duced diameter in each case cor- 
responds to one of the standard 
metric sizes for bearings having 
smaller bores. 


Yale & Towne Hinged- 
Frame Lift Truck 


For handling skid platforms 
of varying under-clearance, the 
Yale & Towne Mfg. Co., Phila- 
delphia, Pa., has brought out the 
hinged-frame hand lift truck 


Yale & Towne Lift Truck with 
Hinged Frame Raised 


here illustrated. When the hinged 
frame is in the upright position, 
the truck can be rolled under 


platforms having a clearance of . 


6 to 7 1/2 inches. A few quick 
strokes on the handle serves to 
raise the load from the floor. The 
amount of lift is 3 inches. When 
platforms with a clearance rang- 
ing from 8 to 10 inches are to be 
moved, the hinged frame is 
lowered on the regular frame. 


Westinghouse Explosion- 
Proof Gearmotors 


A line of single-reduction ex- 
plosion-proof Gearmotors rang- 
ing in size from 1 1/2 to 75 
horsepower has been brought out 
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Westinghouse Gearmotor Developed 
for Use where Fire Hazards Exist 


by the Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa., 
for application in Class 1, Group 
D hazardous locations where 
speed reductions are required. 
These Gearmotors are inspected 
and approved by the National 
Board of Fire Underwriters for 
use in hazardous atmospheres 
containing gasoline vapors and 
other gaseous vapors having 
equivalent hazards. They are also 
adapted for use in dry cleaning 
and pyroxolyn plastic manufac- 
turing, spray painting, etc. 


Bristol Process Cycle 
Controller 


A process cycle’ controller 
known as the Model 6088-V has 
been developed by the Bristol 
Co., Waterbury, Conn., to meet 


Process Cycle Controller Brought 
out by the Bristol Co. 


the many new requirements for 
automatic control, particularly in 
the rubber and molded plastics 
industries where a variable-speed 
controller is required. This in- 
strument is suitable for auto- 
matic control where the cycle 
must be changed from time to 
time. 

It is equipped with one cam 
which operates one or two pat- 
ented, leakless, three-way pilot 
valves, as required. The cam is 
readily adjustable to any desired 
time cycle within its range. A 
two-speed cam-operating mech- 
anism makes possible a multipli- 
city of speeds. The variable-speed 
mechanism employed is so de- 
signed that no gear shifts, gov- 
ernors, springs, or escapements 
are required. 


Worthington Six-cylinder Two- 
stage Compressor 


Worthington Air-Cooled 
Compressors 


A line of compact self-con- 
tained air-compressor units in 
three- and six-cylinder vertical- 
angle, two-stage types, with ca- 
pacities ranging from 142 to 445 
cubic feet per minute has been 
developed by the Worthington 
Pump & Machinery Corporation, 
Harrison, N. J. The three-cylin- 
der unit has two low-pressure 
cylinders opposite each other at 
an angle, with a vertical high- 
pressure cylinder between them. 

The six-cylinder unit is set up 
in the same manner, with two 
cylinders side by side in each 
position. The units can be had 
with the Worthington Multi-V- 
drive or with the motor mounted 
directly on the crankshaft. 
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